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Preface

This thesis develops new. modified Anderson-Darling and Cramer-von Mises goodness-
of-fit tests using the mean rank and median rank plotting positions for the normal distri-
bution with specified parameters. The complete critical value tables are presented for each
test. These tables can be used to test whether a set of observed values follows the normal
distribution. Additionally. the power tables are presented for each distribution to help the

readers understand the power relations clearly with different sample sizes.
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Abstract

This thesis improves the powers of the Anderson-Darling and Cramer-von Mises
goodness-of-fit tests using the mean rank and the median rank plotting positions. A
Monte Carlo simulation of 5000 repetitions is used to generate the critical values from
n = 4 through n = 80 for the significance levels of o = 0.20, & = 0.15, a = 0.10, & = 0.05,
and o = 0.01. An extensive power study is performed to compare the powers of the
modified tests to the known tests for the uniform, the exponential, the double exponential,

the lognormal, and the Weibull distributions.

The powers of the A-D tests modified by the median rank plotting position and the
mean rank plotting position are approximately 0.01% higher than the unmodified tests.
The power of the C-VM test is 10% higher than the unmodified C-VM test for the Weibull,
the lognormal, the exponential, and the dc ‘le exponential distributions when the median
rank plotting position is used. Using th an rank plotting position also improves the
power of the C-VM test for the uniform ar Weibull distributions; while it reduces the

power for the exponential, the double exponcu. . , and the lognormal distributions.

Finally, both A-D and C-VM tests modified by using the median rank plotting posi-

tion have more power than the tests modified by using the mean rank plotting position.




NEW MODIFIED ANDERSON-DARLING AND
CRAMER-VON MISES GOODNESS-OF-FIT TESTS
FOR A NORMAL DISTRIBUTION
WITH SPECIFIED PARAMETERS

1. Initroduction

1.1 Background

The problems facing the Air Force continue to grow in size and complexity. Simu-
lation modeling is one of the most commonly usad techniques to resolve these problems
(16:2). Decision makers evaluate the proposed solutions by using the results of the simu-

lations, and in turn, are more able to plan future activities more efficiently.

Collection of data is one of the most important phases of the simulation process
(16:43). After the collection of the data, analysts compare this data to a theoretical
probability distribution. Then, the problem facing the analysts becomes how well the data
fits the hypothesized distribution. The test to check if the hypothesized distribution fits
the data is called a “goodness-of-fit” test. A goodness-of-fit test measures the degree of
agreement between the distribution of an observed data sample and a theoretical statistical
distribution (5:187). If such tests give a good fit, then the hypothesized distribution can

be used in simulation modeling.

The most commonly used goodness-oi-fit techniques are the Chi-square and the
Kolmogorov-Smirnov (K-S) tests (5:168). Other goodness-of-fit techniques include Anderson-
Darling (A-D) and Cramer-von Mises (C-VM) tests (6:109-114). These tests have been
modified several times in order to get a better goodness-of-fit for the normal, uniform,
Laplace, exponential, and Cauchy distributions using known and unknown parameters.
The latest modification for the A-D and C-VM goodness-of-fit statistics was performed by
Woodruff for the logistic distribution. He derived the critical value tables for the logistic

distribution with unknown shape and location parameters. His power study indicated quite

1-1




good power against uniform and exponential alternatives. The modified A-D and C-VM

tests had more power than the modified Kolmogorov-Smirnov test (19). However, not all

distributions have been successfully examined for goodness- of-fit when the parameters of

the distributions are unknown.

The normal or Gaussian distribution is the most important distribution in probability
and statistics (16:32). Much of the data collected can be described by a normal distribution
or can be said to be normal as a first approximation. After the data is collected, one can
find that the data is often approximately normally distributed. Further, the assumption
of the normal distribution as the basis for anaiyzing the sample data is often used in the
development of advanced statistical theory. It can be concluded that the distributions of

many sample statistics tend toward normality as the sample size increases.

The investigation for a better goodness-of-fit test which can be applied to the normal
distribution still continues. No tests have been developed for the normal distribution with
known parameters by using the new, modified Anderson-Darling and Cramer-von Mises
statistics to determine a better goodness-of-fit. This test would be useful for the Air Force
so that analysts can determine whether a random sample of data taken from an observed

phenomenon behaves according to the normal distribution.

.2 Problem Statement

how can the existing Anderson-Darling (A-D) an4 Cramer-von Mises (C-VM) tests
be mcdfied to produce a new, better oodness-of-fit test which can be applied to the

normal distribution?
1.3 Research Objirtives
The obiectives of this thesis are to:

. Generate and document the known A-D and C-VM critical value tables for the normal

distribution.




2. Generate and document the A-D and C-VM critical value tables for the normal
distribution with the modified A-D and C-VM statistical values. These tables will

be used to test goodness-of-fit when the parameters of the distribution are known.

3. Conduct a power comparison between the modified and unmodified goodness-of-fit

tests to determine which test can best detect a false normal distribution hypothesis.

1.4  Methodology

The research effort will consist of the following steps. The first step is to produce
A-D and C-VM critical value tables for the normal distribution. The second step of the
research is to produce the modified A-D and C-VM critical value tables for the normal
distribution with the new modified A-D and C-VM statistical values. The final step will
be to compare the powers of these two modified tests. For each step, computer subroutines

will be written as required to perform any necessary calculations.

1.4.1  Critical Value Tables. During the first step, critical value tables will be gener-
ated with the known A-D and C-VM statistical values. Random deviates for a fixed sample
of size n will be generated from a normal distribution using the Monte Carlo simulation.
To evaluate the effect of sample sizes on the critical values, sample sizes of 4 through 80

will be used.

The estimated parameters will be used with the ordered normal deviates to calculate
the values of the hypothesized distribution function at the order statistics. Based on
the hypothesized and sample distributions, the A-D and C-VM statistics will be calculated
using the appropriate equations. Each of these steps will be repeated 5000 times to generate
5000 independent A-D and C-VM statistical values. These critical values will be used to

ohtain the critical values of the tests.

The same procedure described in step one will be repeated in step two using the
maodified A-D and C-VM statistical values. Then, two complete sets of critical values will

be presented for the modific 1 and unmodified goodness-of-fit tests.




1.4.2 Power Comparison. Then the research will compare the powers of the mod-
ified A-D and C-VM tests to determine which tests can best detect a false normal distri-
bution hypothesis. The power of a statistical test is the probability of correctly rejecting
a false hypothesis. The null hypothesis that a set of sample deviates follows a normal dis-
tribution will be tested against the alternative hypothesis that the sampic deviates follow

some other distribution.

The A-D and C-VM test statistics will then be calculated under the null hypothesis
that the random deviates follow the normal distribution with the specified parameters.
The calculated statistics for each test will then be compared to the corresponding critical
value tables obtained in step one and step two to determine whether to reject the null
hypothesis. After repeating this 5000 times, the number of times each statistic exceeds
the respective critical value will be counted for each sample size. This total will be the
number of times the null hypothesis has teen rejected. The power of the test for each
Uternative distribution will be the number of times the null hypothesis is rejected divided
by 5000. This power comparison will be performed with some alternative distributions.
These alternative distributions are the uniform, the exponential, the double exponential,

the Weibull, and the lognormal distribution...
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I1. Literature Review

2.1 Introduction

A literature search has been completed on the goo- = -*it techniques. Research
studies published and unpublished have been investiz -~ .. ugh the Current Index to
Statistics, the Defense Technical Information Center v - 1°  &..d previous AFIT theses
efforts. The following paragraphs will review the literat - pertinent to this research
proposal. Specifically, the discussion covers the topics ok . . .csis testing, test statistics,

and power studies.

2.2 Discussion

From the earliest days of statistics, statisticians have begun their analysis by esti-
mating a distribution for their observations, and then they have checked on whether or
not this distribution is true. For years, a vast number of test procedures have appeared,

and these procedures have come to be known as goodness-of-fit tests (6:1).

The goodness-of-fit test determines whether or not sample data could have hoen
generated according to a particular distribution function. It achieves this by comparing the

sample frequency distribution to the assumed theoretical frequency distribution (12:597).

Occasivnally, assumptions are made regarding a distribution when there may be little
prior statistical information. In these cases, it is more desirable that there be verification
that the distrilbution fits the data. Comparisons of test data with an assumed distribution
are accomplished by a goodness-of-fit test. Such a test evaluates Low well the data fit the
assnmed distribution or determines if there is evidence of disagreement. The goodness-of-
fit tost is for disagreement rather than for agreen.ett of the distribution with the data.
The data are assumed to fit the distribution unless there is sufficient evidence to disprove

the assumpticn i ::72).
One potoatial disadvantage of goodness-of-fit tests is that, even though an assumed

disibutip fits the data, there may be other distributions which fit the data equally well

ut parhaps evesn better. Another distribution may be of a different type or it may be

b
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the same type of distribution but with different parameter vilues. Consequently, when
applying a goodness-of-fit: test, it is essential to remember that the test only rejects the
assumed distribution when there is definite evidence that the distribution is incorrect; it
does not mean that the selected distribution is the best one wher there is not sufficient

evidence to reject it (1:73).

2.2.1 Hypothesis Testing and Test Statistics. Hypothesis testing is the process of
inferring from a sample whether to accept a certain statement about the population (5:76).
Any statistical test of hypothesis works in exactly the same way and contains the following

steps:

1. The hypotheses are stated in terms of the population.
2. A test statistic is chosen.

3. A rvle is made, in terms of possible values of the test statistic, for deciding whether

or not to accept or reject the null hypothesis.

4, On the basis of a random sample from the population, the test statistic is evaluated,

and a decision is made to accept or reject the null hypothesis (14:429).

The hypothesis to be tested is called the “null hypotiesis.” and denoted by H,. The

alternative hypothesis, denoted by H,, is the negation of the null hypothesis (5:77).

The functioning parts of a statistical test are the test statistic and an associated
rejection region {:78). The test statistic is a function of the sample measurements upon
which the statist.cal decision will be based. If for a particular sample the computed value
of the test statistic falls in the rejection region, the null hypothesis H, is rejected and the
alternative hypothesis H, is accepted. If the value of the test statistic does not fall into

the rejection region, then H, is accepted (14:429).

There are two ways of making an incorrect decision in hypotiesis testing. These are
either rejecting a true null hypothesis or accepting a false null hypothesis. These two error

types, type I and II respectively, have associated with them certain probabilitics of the

errors being made (5:79).




2.2.1.1 Chi-square Test Statistics. The oldest and best known goodness-of-
fit test is the Chi-square test. Karl Pearson abandoned the assumption that biological
populations are normally distributed, introducing the Pearson system of distributions to
provide other models. The need to test fit arose naturally, and in 1900 Pearson invented
his Chi-square test. Modern developments have increared the flexibility of Chi-square
tests, especially when unknown parameters must be estimated in the hypothesized family
(6:63). The Chi-square test compares sbserved frequencies with expected frequencies of
the hypothesized distribution function. It is restricted te large samples, approximasely 25
or greater (14:310). The major advantages of this test are that it can be applied to discrete
populations, and it can be modified when parameter values are unknown by reducing the
number of degrees of freedom; whereas the Koimogorov-Smirnov test cannot be applied in

these situations (13:68).

2.2.1.2 Statistics Based on the Empirical Distribution Function (EDF). A
general class of statistics used for the goodness-of-fit test is called empirical distribution
function statistics. The empirical distribution function is a step function, cal:ulated from
the sample, which estimates the probability distribution function. EDF statistics are
measures of the discrepancy between the EDF and a given distribution function (6:97).
For a given random sample of size n, Let X(y),..., X(n) be the ordered statistics: suppose
{urther that the disrribution of X is F(z). Then, the empirical distribution function is

IS4t} defined by
Number of observations < 2

F,(z) = (2.1)
n
where
—xXx <z <00
More precisely, the definition becomes (6:98-99)
Fa(z) = 0, T < Xy (2.2)
FE(SL') = 7‘;- 'X(z);{i <-’\’(i+I}si= I....n-1 (23)
Fﬁ{m) = I, 1\'(“} ";: x (2.4)




Thus F,,(z) is a step function, calculated from the data; as z increases it takes a step

up of height % as each sample observation is reached.

The Kolmegorov-Smirnov statistic (K-S), which is one of the most well-known EDF
statistics, is the largest vertical distance between the completely specified hypothesized
cumulative distribution function (CDF) and the observed empirical distribution function
{6:204). In some cases, the analyst may wish to specify completely an entire distribution
and then test whether or not his sampled population has exactly that distribution in every
detail. The K-§ tests are appropriate in this situation, if the entire specification can be

made prior to sampling (2:296).

There is a controversy hetween the K-S test and Chi-square test about which test
is more powerful, but the genoral feeling seems to be that the K-S test is probably more
powerful than the Chi-square test in most situations (2). D’Agostino and Stephens showed
that EDF statistics were usually much more powerful than the Pearson Chi-square statistic

(6:110).

Two other goodness-of-fit tests based on EDF statistics are Anderson-Darling (A-D)
and Cramer-von Mises (C-VM) tests. The idea for the C-VM test is based on the squared
integral of the difference between the EDF and the distribution being tested, The C-¥M

Lest statistic is defined as (6:101):

n 9 _ 112
C-VM= 1—21; + 2 [Ug - iﬁ 1} (2.5)
where,
n = sample size,
Ui = F(X(,)) = CDF(for normal distribution}.
and,

XXXy <...8 Xy

be n observations in order.




The C-VM test is also a function of the vertical distance between the hypothesized
and the empirical distribution functions like the K-S test. But the difference is that the C-
VAl test not only considers the largest differences but also considers “n” differences between
the two curves. Intuitively, the C-VM test statistic makes more complete use of the data
than K-S statistic, but the facts fail either to prove or disprove such intuition (5:306). By
using this fact, Conover stated that C-VM test seemed intuitively more appealing than

the Kolmogorov test to some people (5:306).

Anderson-Darling brought the idea of incorporating a weight function into K-§ and
C-VM statistics (6:100). Primarily, the Anderson-Darling statistic is based on a weighted

average of the squared discrepancy. Anderson-Darling test statistic is defined as (6:101):
n
A-D=—n—(1/n)> (2i- DlogUp; + log(1 — Upn—isn))] (2.6)
i=1
where,
7 = sample size,
Ui = F(X;) = CDF(for normal distribution),
and,
Xy £ X S £ £ Xpg

te n ol . -.ations in order. In this expression, log(x) means log,(z).

2.2.2  Fr . cr Studies. The power of a goodness-of-fit tes. is the probability that the
test will reject b » null hypothesis (14:473). The following discussion presents some of the
modifications done for obtaining more powerful goodness-of-fit tests.

Gicen and Hegazy modified the A-D, C-VM, and the K-$ goodness-of-fit tests where
the parameters of the distribution were estimated. After the Monte Carlo power studies,

they showed that the modified A-D and C-VM tests improved the power of the known

tests (8:204).

Porter modified the A-D and C-VM tests for the Pareto distribution. He used thein-

verse transform technique to generate the random deviates. Then he used these deviates to




find the best linear unbiased estimates of the scale and location parameters. He concluded
that the power of the test improved when the sample sizes increased. He also showed that
A-D and C-VM tests were more powerful than the Chi-square, especially when the sample

data were taken from the Weibull, the beta, or the normal distribution (15:7).

Ream r->dified K-S, A-D, and C-VM tests for the normal distribution to test the
technique of reflecting data points about the mean and created tables of critical values of
the modified K-S, A-D, and C-VM statistics. He used the technique developed by Efron
(1979) which was a method for representing the order statistics on a continuous spectrum.
He applied this test by plotting the values of the order statistics and represented the spaces
between them as piecewise linear functions. He concluded that the powers calculated for
symmetrical alternatives to the normal are asymptotically greater for the modified statistics

than for the corresponding unmodified statistic values (17:62).

Bush modified the A-D and C-VM tests for the Weibull distribution. He presented
a Monte Carlo method for obtaining the critical values of the modified A-D and C-VM
goodness-of-fit tests for the three parameter Weibull distribution when the scale and loca-
tion parameters were not specified. He also concluded that A-D and C-VM tests were not
verv powerful when the sample size was five. When the sample size increased, he showed

that A-D and C-VM tests were more powerful than K-S test (3:52).

Viviano modified the A-D and C-VM tests for the Gamma distribution. He used
the random deviates to estimate the maximum likelihood scale and location parameters.
His power comparison showed that A-D goodness-of-fit test was more powerful against the

lognormal distribution (18:47).

Stephens concluded after his power studies for normality and exponentiality that
A-D statistic had better powers against some alternatives such as the uniform and the

logistic distributions (6:167).

4

3 Conclusion

b

All these research studies have been done in order to provide more powerful tests for

the certain distributions. They all modified the test techniques or used a new technique




for only one purpose, which is to obtain a “better” fit so that the analysts will be able to
determine how well a set of data fits with some specified distribution.

Finally, this thesis effort is an investigation of a better goodness-of-fit test for the
normal distribution with known parameters. Two modifications of botk A-D and C-VM
test statistics will be made to obtain the increased power. One modification is to replace the

EDF in the A-D and C-VM test statistics with the median rank. The other modification

replaces the EDF ir the mean rank.




III. Methodology

3.1 Iniroduction

This chapter initially disctisses the thought processes associated with this thesis, and
then presents the specific procedures used in generating the critical values and the specific
procedures used in the power tests. Specifically, the discussion covers the topics of Monte
Carlo simulation method, calculation of the critical values, the powers of the goodness-of-fit

tests, and finally the details of the computer programs.

3.2 Discussion

3.2.1 Monte Carlo Simulation Method. The Monte Carlo method is used for reli-
ability prediction when an exact mathematical model cannot be developed economically
or when it becomes too complex to permit timely evaluation. This method involves the
determination of the distributions of the various elements in a system, selection of the
random sample of each element, and combining of these samples to obtain a measure of
the system performance or reliability. The process of random selection and determination
of the system effects are repeated a large number of times and, each repetition rzsults in
another different estimate of the system characteristic that is being measured. The law
of large numbers states that , as the sample size increases , the difference between the
sample mean and the population mean becomes smaller, and the sample mean becomes an
increasingly better estimate of u. Then the distribution of the sample becomes a better

representation of the distribution of the population (1:176).

An important characteristic of the Monte Carlo method is its reliance on computers
to simulate random processes. The Monte Carlo approach is used in this thesis to generate
the critical value tables for the A-D and C-VM goodness-of-fit techniques. The approach
is to observe random variates chosen so that they directly simulate the random processes
of the original problein. Ream tested the consistency of the critical values with different
seeds each time using 150. 300, 500. 1000, and 5000 samples. The only number of samples
that yielded consistent results through thece computations at all levels of « was 5000 (17).

This thesis uses 5000 samples in the omputations as most of the studies have used in
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this area. Another reason why only 5000 repetitions were used was to avoid using a large

amount of computer time.

3.2.2 Modified Test Statistics. The computer was used to generate 5000 samples
of size n. Each group of n normal deviates represents a simulated sample from the nor-
mal distribution. Then 5000 different values of test statistics were obtained by using the

modified A-D and C-VM statistics. Two different modifications were used in this thesis:

1. Using the median rank plotting position

2. Using the mean rank plotting position

Using the Median Rank. There is a lot of discussion in the literature

about the choice of the quantile probabilities. A frequently used formula is given by (6:164):
i—-c¢
= —r— 3.1
YT n—2+1 (3.1)
where,

i = rank of the order statistics
n = total number of order statistics
¢ = some constant satisfyingo < ¢ <1
This research will use ¢ = 0.3175 since the resulting probabilities closely approximate

medians of uniform (0, 1) order statistics. Using the ¢ value chosen , the median rank value
is given by:

i—0.3175 (3

"t 0.365 e

The median rank equation given above will be used for the further computations.

Using the median rank formula given above, the modified A-D and C-VA statisties are

given as:
. 1 n i—-0.31751°
The Modified C - VM = — 4 ;= ——a— (3.
odified C 1210 +; [U n+0.365] (33)
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2(i - 0.3175)

The Modified A— D = —n — Z( n + 0.365

i=1

log Uy +log(l = Upn—ign))]  (3:4)

The median rank plotting position seems to be more accurate than the other plotting

positions (11:300).

The unmodified C-VM test statistic (2.5) is a function of the values of U, which is the
CDF value for the normal distribution function Uj is calculated at each X, valuc in the
random sample, and from this is subtracted the quantity (2¢ — 1)/2n, which is the average
of the empirical distribution functions just before and just after the jump that occurs at
X, , that is, the average of (i — 1)/n and ¢/n. That difference is squared so that positive
differences do not cancel the negative differences, and the results are added together. After
this brief explanation of C-VM test statistic, the main purpose of the rescarch can be stated
again as, how much more power will be provided with the new statistic using the median
rank as the plotting position. The idea for the modified A-D goodness—of—ﬁt test is again

the same, which is inserting the median rank to the original A-D statistic (5:306).

3.2.2.2 Using the Mear. Rank. The other plotting position used in this thesis
is the mean rank. The ¢ value in the quantile probability formula(3.1) is equal to U for the
mean rank. The mean rank formula is given as:

i

Mean Rank =
n41

(3.5)

Using the mean rank formula given above, the modified A-D and C-VM statistics

are given as:

n
The Modified A =D = -n ~ g log(1 — 3.6
e Modifie D n ; — )[lo iy +log(l = Uiyl 13.6)
1 I 7 2 -
The Modified C - VM = — + - —— 13.7)
12n n+

3.2.2.3 Plotting Posilions. Given a series of observations ordered {rom small-
est Lo largest (or vice versa), each event may be assigned a plotting position which i~ its

cumulative probability. Recurrence intervals, which are teciprocals of the cnimuliative o
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abilities, may alto he used to defize plotting positions (9:1613). The plotting positious are
used to detetmine the perccntiles of the distiibution vnderiying a set of n ardered sample
valt-es (9.1615). The plotting position tachniav iavolves usiag a nwm ser of discre e valuc.
of k2 ordered test statistics and locating them on a continuous specirum hy vepreseniing
the spaces between them as piecewise linear functions (9:1614). By lincarly huerpolatiag
the desired percentiles between dis-rote vaines of the test statisiics, more accorate criticel

valucs will be nbtained (15:4.11).

‘e cumulative distribution function of a sample size of n is usually defined as a
step function which jumps from (i — 1)/n to (i/n) at the % order statistic of the sawmple,
Waen the plotting position i/r is used, the largest value cannot be plotted. If the plotting
position (i—1)/nis used, t’ er the smaljest value cannot be nlotted. The probabilities 0 and
1 are off the scale for »robability p., 2r constructed for tue normal distribution or for any
other distribution unlimi..u in extent {—oo to 00). Therefore statisticians have proposed
ditceren’ plotting positions, and they have tried to find the best plotting positions. Harter
concluded that the optimum plotting position depended on the use that was to be made

of the results and also depenled on the underlying distribution (9:1615).

After his Monte Cavlo study of plotting positions, Harter found that the median
rank plot-irg position was one of the best plotting positions (10:320). The median rank
plotting position, on which this thess places the greatest emphasis. yields median unbiased

csthnates of z; for a specified F(z,) and of F(x,) for a specified x, (9:1625).

3.2.3  Calculation of the Critical Values, After calculating the 5000 stativtics lor
‘h goovaness-of-fit test, in order .o determine the critical values, it Is first necessary to
determine the critical regions. This critical region is the set of all points in 4! » «nmple
space which result iu the r.ecision tc reject the null hypotaesis. Afier the critical region
is determined |, then the critical values can be found with a desircd “level of significance™.
or a, which is the maximuam probability of error in rejecting a tiue null hypothesis. If
Ii, i> true, then the maximum probability of error in rejecting /1, is «; and therciore, the.
witamum probability of no error in accepting If, is 1 — a. In this case, vhe value of 1 — a

represents a certain percentile of the 5000 ordered test statistic valies.
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The technique used in this thess o determ .e the critical values is the booizirap

technique which was firs. wsed by Efron (7). Many siaisileians have extensively used this

technique to derarmine che critical values.

The research plots the » ordered test s atiztic values zy,u,. .., T, zlong tie hori-
zontal axis and the n plotting positi.z vaines 3.72,..., 4. which are calculated with the
median rank formula or mean rank formula along the vertical ~xis by using t*i= techuijue,
These values are assigned to positions Z to {2z + 1) on their respartive values on the axes.
There exists [0, 1] interval on the vertical axis performed by entering the endpoints yo = 0

o

al the position 1 and y.4; = 1 at the posit’ m n + 2. Letting the order statistics be

Y

reprasented by the horizontal oy s and lettic ¢ *b- vertical axis be scaled betiween zero and
&

one, the statistics will be represent~ | on a continuo.~ function. Then, the coricoponding

endpoints on the horizonta! .xis are feund by linear interpolaticn.

To plot th. collection of .. discrete values onto a fully continuouns line b.tween 0
and ] requires an extrapolation of the plotiing axes. The first point on the hor vontal
axis. zp, is computed by Iinearly extrapolating from the second and third points, subject
to a non-negativity restriction. Extrapolation is performed by using the standard linear
slope-intercept formula y = ma + b to compute the endpoints zg and z,45. To find the

first endpoint on the horizontal axis, the slope is calculated by:

(Yit1 ~— ¥i)

m = (3.8)
(Tig1 — z:) )
and the intercept is found by:
b=1y9; -~ mzx, i3.9)
Then the lower endpoint g is found by:
Co={yo=-0)/m=(0~b)...o==b/m {3.10)

By using the nonnegativity rule, C, is set 10 0. Sn tnat:




zo = maz(0,-b/m) (3.11)

After both endpcints are calculated, n test statistic values and their two extrapo-
lated endpoints are plotted on the z — y axis. Then, the critical values corresponding
to the desired percentiles are found by linearly interpolating between the points (z,,%.)
and (2;41,%i4+1) using the formulas above; where C, is the critical value for the desired

percentile (15).

3.2.4 Pouv. vy "e G wodness-of-fit Tests. The goodness of a test is measured by «
and 5, the probabitities « 7 r'ype I and Type II errors mentioned in Chapter II, where o is
chosen in advance and determii2s the location of the rejection regin. Basically, the power

of a tes* is the nrobability that the test will reject the null hypothesis.

Suppose that A is the test statistic and RR is the rejection region for a test of a given
hyporhesis concetning the valie of a parameter 8. Then the power of the test, denoted by
power (&}, .= the probability that the rest rejects H, when the xctual parameter value is

#. That is,

power(6) = P (A in RR when the parame*sr vatuc is 6)

The power of a test at § = 8, is equal to the probability of rejecting H, when H, is
true. where the null hypothesis is

H,:8=4,. (3.12)

That is. powsr(8,) = a. the probability of a Type I error (14).

The main purpose of the power test is to test the thesis problem that the goodness-
of-fit tests with the mocified A-D and C-VM statistics will resulv in goodness-of-fit tests
having higher powers than the powers of the ones with the numodificd A-D aud C-VM

statistic values.

To execute the power test , random deviates from some other alternative distributions

of sample size n described below will be generated. Then the A-D and C-V) statistics

L)
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will be caleulated with the modified A-D and C-VM statistic values, Since the critical
vilues are known for the sample values of n and at the specified values of «a , the A-D
and C-VM statistics calculated will be compared to these respective values. This process
will. he repeated 5000 times. The number of the times cach statistic value exceeds the
respective critical value will be counted for cach sample size of n. This total number will
represent the number of the rejections of the null hypothesis. This total rejection number
will be divided by 5000 to obtain the hypothesis rejection quotient. Then the power will

be stated as:

Total number of rejections
5000

(3.15)

The power at each a — level =

After getting all the powers at each a-level, final conclusions will be derived for each

alternative distribution.

The power study is pel'formed at n = 10, n = 20, n = 30, n = 40, n = 50, n = 60,
n = 70, and n = 80. By using the numbers shown above, it will be possible to compare

the powers of the tests at different levels.

3.2.5 Specific Procedures. The research effort will consist of four phases. These
phases will be performed by using the procedures and the techniques mentioned earlier.

'I'hese phases are:

L. The A-D and C-VM critical value tables will be derived using the known A-D and

C-VM statistic values.

2. The A-D and C-VM critical value tables will be generated using the modified A-D

‘and C-VM statistic values.

3. The powers of the modified A-D and C-VM statistics will be determined by using
alternative distributions. These alternative distributions are the uniform, the expo-

nential, the double exponential, the Weibull, and the lognormal distributions.

4. The conclusions will be derived about the powers of the new modified statistics.

kY
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3.2.5.1 Generating the Critical Value Tables. During this phase, the critical

tables will be generated using the Monte Carlo simulation of random deviates. The

following steps describe the procedure for generating the critical value tables.

1.

o

(1)

pase.

Random variates will be generated for a given sample size of 2 from Normal distribu-
tion N(0,1). To generate an array of ordered N(0,1) random deviates.the subroutine
named GGNO will be used from the International Mathematical and Statistics Li-

brary (IMSL).

. The random variates generated will be standardized by using the following transfor-

mation:

Z: = (3.14)

These standardized data will be used in the further computations instead of the
generated data.Then the test statistics will be computed from the Z, values instead

from the original random sample.

The hypothesized cumulative distribution function U, will then be calculated for

1=1,2,...,n

. The A-D and C-VM statistics will be calculated using the known and the modified

statistics.

. Each of these four steps described above will be repeated 5000 times to generate 5000

independent statistics.

. These 5000 statistics will be ordered from smailest to largest. Using the plotting

position technique, the 80!, 85 90tk 95t and 99" percentiles of the distributions
of the A-D and C-VM statistics will be determined by linear interpolations. These
percentiles represent the .20, .15. .10, .05, .01 levels of significance. Then the critical
value tables will be documented. These critical value tables will be fully documented

to give a clear moticadion for the furure studies.

The flowchart representation for generating the critical values is shown on the next
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Repeat 5000 times

Generate N Random Deviates

from Normal(0,1)

Calcuiate A-D and C-VM Statistics
Using the Known and Modified
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Order the Statistics in an Array

{
Find the Critical Values

¥
Stop

Figure 3.1. Generation of Critical Values




3.2.5.2 Power Comparison. In this stage of the research effort, the powers of
the modified A-D and C-VM statistics will be calculated. As mentioned carlier, the power
of a test is the probability that the test will reject the null hypothesis. The null hypothesis
is that a sample of deviates follows a specified distribution where the alternative hypothesis

is that the sample of deviates follows some other distribution.
H, : Sample deviates follow a specified distribution.
H, : They follow some other distribution.

The steps for this phase of the research are as follows:

1. Random deviates for the selected distributions will be generated.

2. Under the given hypothesis test given above, the test statistics will be compared to
the corresponding critical values in the table for a given level of significance o . If
the test statistic is equal to or greater than the critical value in the table. then the

null hypothesis (H,) is rejected.

3. The first two steps will be repeaterd 5000 times, and these rejections will be counted

to obtain the power of each statistic value.

The flowchart representation for the power tests is shown on the next page.
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Figure 3.2. Power Comparison




2.3 Conclusion

This chapter represented the specific procedures used in this research study. First
the discussion about the Monte Carlo simulation method was explained and then the
techniques to generate the critical values were presented with the modified A-D and C-VM

statistics,

The next step will be generating the critical values and performing the power tests

using the procedures explained in this chapter.




IV. Power Studies

4.1 Introduction

This chapter presents the critical value tables and the power comparison tables. The
methodology described in the previous chapter is used to perform the power comparisons.
The complete tables of the critical values are presented. Specifically. the discussion covers

the topics of the critical value tables and the power comparison tables.

4.2 Discussion

4.2.1 Critical Value Tables. The complete tables of critical tables are presented for

the following tests for the sample sizes n = 4 through n = 80:

1. The Anderson-Darling test
2. The Anderson-Darling test modified by using the median rank
3. The Cramer-von Mises test

4. The Cramer-von Mises test modified by using the medjan rank

The critical values for the A-D and C-VM tests are generated by using the known
A-D and C-\'M statistics. The critical values for the modified A-D and C'V-M tests are gen-
erated by using the new modified statistics given by Equations {3.3}. (3.4). (3.6). and(3.7).

These four critical value tables are included in the study for clear comparisons between

the tests.




Table 4.1. Critical Values for the Anderson-Darling Test {A-D}

Level of Significance (a= Type I Error}
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Table 4.2. Continued (A-D)

Level of Significance (a= Type I Error)

n

0.20

0.15

0..0

0.05

0.01

22

0.4930449

0.5406342

0.6087568

0.7233239

1.004090

0.4965523

0.5448771

0.6276847

0.7518797

1.024874

0.4945974

0.5435820

0.6202430

0.7262725

0.9730281

0.4968777

0.5474281

0.6153478

0.7253182

0.9874505

0.4870243

0.5349074

0.6020432

0.7138987

0.9905736

0.5064116

0.55% 7526

0.6255779

0.7485665

1.035611

0.5035725

0.5482607

0.6243295

0.7442713

0.9996597

29

0.4967098

0.5470409

0.6043720

0.7331629

1.018337

30

0.5002642

0.5460176

0.6153994

0.7396423

1.019706

31

0.4920015

0.5412827

0.6096362

0.7206756

0.9634513

32

0.4977684

0.5414925

0.6100102

0.7216454

1.037556

33

0.4967517

0.5462971

0.6123351

0.7156105

0.9811327

34

0.4958267

0.5410481

0.6100807

0.7225074

1.010662

0.4973602

0.5470352

0.6169090

0.7334061

0.9903298

0.5038891

0.5516129

0.6242867

0.7248192

0.9966785

0.4977741

0.5424100

0.6118068

0.7373582

1.014974

38

0.4951401

0.5434284

0.6065102

0.7302265

0.9693126

39

0.4948826

0.5474167

0.6189229

0.7319393

1.035174
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Table 4.3. Continued (A-D)

Level of Significance (a= Type I Error)

n

0.20

0.15

0.10

0.05

0.01

40

0.5036736

0.5492897

0.6088142

0.7162741

0.9774227

41

0.4935474

0.5456238

0.6108913

0.7262822

0.9670739

42

0.4987202

0.5480480

0.6173229

0.7275543

1.032360

43

0.5078812

0.5625439

0.6357059

0.7474669

1.015957

0.5057907

0.5523701

0.6249388

0.7439404

1.030191

0.5075741

0.5600471

0.6272904

0.7511843

1.049332

46

0.5009937

0.5491180

0.6143340

0.7353191

1.079781

47

0.4968414

0.5439053

0.6071224

0.7375965

1.043659

48

0.5051956

0.5512581

0.6226939

0.7505187

1.048113

49

0.4975300

0.5474415

0.6134128

0.7330531

0.9863949

0.5064582

0.5549145

0.6306038

0.7509441

1.017109

0.5016975

0.5513611

0.6221276

0.7502614

1.011376

0.5054054

0.5616665

0.6354789

0.7535743

1.013035

0.4991112

0.5465317

0.6146659

0.7347736

0.95884982

0.4980010

0.5479546

0.6144963

0.7294196

0.9858552

0.5054150

0.5574017

0.6312294

0.7499961

1.044233

0.5054855

0.5514259

0.6198158

0.7405357

1.001810

0.5003051

0.5516874

0.6244812

0.7361297

1.019163
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Table 4.4. Continued (A-D)

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.5041008

0.5561218

0.6305560

0.7591591

1.017233

0.4955597

0.5473194

0.6220034

0.7387219

0.9823399

60

0.5019493

0.5448074

0.6112021

0.7257367

1.023222

61

0.4970607

0.5500755

0.6146068

0.7381287

1.029202

62

0.5038795

0.5488949

0.6174755

0.7389317

0.9899883

63

0.5008945

0.5522652

0.6225338

0.7408447

0.9984367

0.5083809

0.5651475

0.6351047

0.7575722

1.035576

0.5034600

0.5512009

0.6210823

0.7369995

1.019421

0.5056152

0.5513268

0.6228599

0.7395401

0.9776191

0.4956703

0.5476418

0.6135138

0.7234917

1.002739

0.4987144

0.5423241

0.6143417

0.7315444

0.9953613

0.4891967

0.5374489

0.6148720

0.7375908

1.016052

0.5006447

0.5449486

0.6086006

0.7174299

0.9944189

0.5036469

0.5571595

0.6310691

0.7516361

0.9956664

0.5042152

0.5534744

0.6187972

0.7528877

1.098568

0.4993744

0.5456963

0.6249349

0.7475891

0.9832656

0.4938010

0.5401573

0.6125678

0.7294769

1.027989

0.5070686

0.5569229

0.6184120

0.7290077

1.064887




Table 4.5. Continued (A-D)

Level of Significance (a=Type I Eiror)

0.20

0.15

0.10

0.05

0.01

0.5072517

0.5548745

0.6221275

0.7382354

0.9811439

0.5040436

0.5481758

0.6155281

0.7394637

1.029260

0.5019684

0.5506668

0.6074256

0.7241516

1.010888

0.4939728

0.5408135

0.6081811

0.7273674

1.041717

0.501857

0.5535432

0.6213608

0.7532310

1.046329




Table 4.6. Critical Values for the Modified Anderson-Darling Test (Mod. A-D)

Level of Significance (a=Type I Error)

n 0.20 0.15 0.10 0.05 0.01

4 | 1.5382756 | 1.617663 | 1.671845 | 1.748723 | 1.901822

5 | 1.596477 | 1.640916 | 1.698639 | 1.786559 | 2.001122

6 | 1.592883 | 1.631737 | 1.689737 | 1.786873 | 2.006685

7 | 1.593557 | 1.634419 | 1.700119 | 1.801773 | 2.026566

8 | 1.602466 | 1.645357 | 1.709502 | 1.827742 | 2.073187

9 }1.601761 | 1.651268 | 1.713816 | 1.832235 | 2.107482

10 | 1.609766 | 1.657253 | 1.719365 | 1.821748 | 2.080344

11 | 1.603089 | 1.651914 | 1.720261 | 1.835227 | 2.068199

12} 1.607941 { 1.657570 | 1.728033 | 1.832728 | 2.093671

13 | 1.603700 | 1.650733 | 1.720114 | 1.841662 ; 2.111019

14 | 1.602948 | 1.650619 | 1.716714 | 1.834993 | 2.112786

15| 1.603284 | 1.650743 | 1.718761 | 1.821638 | 2.075947

16 | 1.608843 | 1.650144 | 1.712707 | 1.837376 | 2.129101

17 | 1.606355 | 1.658886 | 1.735003 | 1.866905 | 2.117235

18| 1.595449 | 1.644476 | 1.714828 | 1.5829279 | 2.056677

19 | 1.609162 | 1.659450 | 1.733142 | 1.848537 | 2.097478

20 | 1.595428 | 1.647300 | 1.720243 | 1.836084 | 2.122495

211 1.601188 | 1.650129 | 1.726903 | 1.838660 | 2.080507




Table 4.7. Continued (Mod. A-D)

Level of Significance (a= Tvpe I Error)

n 0.20 0.15 0.10 ) 0.05 0.01
22 | 1.605027 | 1.654015 | 1.723168 | 1.837928 | 2.123885
23 | 1.607399 | 1.656692 | 1.740698 | 1.866060 | 2.144170
24 1 1.604913 | 1.654651 | 1.731568 | 1.840148 | 2.089002
25 | 1.606775 | 1.657915 | 1.725787 | 1.838591 | 2.104431
26 | 1.596288 | 1.645237 | 1.714891 | 1.824636 | 2.104944
27 | 1.614830 | 1.665790 | 1.735625 | 1.862446 | 2.148955
28 | 1.612313 | 1.657729 | 1.735475 | 1.854534 | 2.111488
29 1 1.604225 | 1.655478 | 1.714090 | 1.842946 | 2.132516
30 | 1.60726% | 1.654267 | 1.724511 | 1.850140 | 2.132860
31| 1.598879 | 1.645886 | 1.717329 | 1.830383 | 2.074648
32 | 1.604487 | 1.650028 | 1.717541 | 1.829722 | 2.149841
33 | 1.602903 | 1.654169 | 1.719116 | 1.824087 | 2.091438
34 ) 1.601793 | 1.648222 | 1.716944 | 1.830750 ; 2.120502
35| 1.602797 | 1.653866 | 1.723196 | 1.843155 | 2.100450
36 | 1.608988 | 1.657530 | 1.729572 | 1.832%00 ; 2.1053%1
37 1.602711 | 1.648737 | 1.717335 | 1.846005 | 2.122217
38 | 1.599356 | 1.648787 | 1.712374 | 1.836834 2.077459
191 1.59921% | 1.651529 ; 1.724192 | 1.837242 5

| 2.143903
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Table 4.8. Continued (Mod. A-D)

Level of Significance (a= Typeil Error)
n 0.20 0.15 0.10 0.05 0.01
40 | 1.608160 | 1.654381 | 1.713497 | 1.822373 | 2.084799
41 | 1.597586 | 1.649262 | 1.714718 | 1.832047 | 2.075401
42 1 1.602928 | 1.652935 | 1.722067 | 1.833937 | 2.139005
43 | 1.611481 | 1.666656 | 1.740896 | 1.854076 | 2.122475
44 | 1.608974 | 1.657139 | 1.729172 | 1.848476 | 2.138180
45 | 1.610071 | 1.663834 | 1.731770 | 1.854791 | 2.154166
46 | 1.603903 | 1.652592 [ 1.718451 | 1.838369 | 2.184988
i 47 17.604:6756 1.654627 | 1.728684 1.8-’354(?8 2.123127
48 | 1.602488 | 1.654079 | 1.726776 | 1.846361 | 2.114164
49 | 1.597328 | 1.644581 | 1.706415 | 1.833174 | 2.111530
50 | 1.606836 | 1.661249 | 1.734949 | 1.861311 | 2.148796
il 31| 1.609284 | 1.659309 | 1.738390 | 1.839491 } 2.131019
532 | 1.603733 | 1.654411 | 1.722675 | 1.845199 2.1326:54
53 | 1.603451 | 1.652371 | 1.7v13387 | 1.824596 | 2.170734
i 54 | 1.598221 | 1.649824 | 1.720283 | 1.833208 | 2.110764
55 | 1.604191 | 1.6558361 | 1.733399 | 1.844929 | 2.126796
56 | 1.600681 | 1.653149 | 1.724302 | 1.841%39 | 2.134912
57 | 1.604868 | 1.653%20 | 1.726%12 | 1.835508 | 2.124434

o+
o




Table 4.9. Continued (Mod. A-D)

Level of Significance (a= Type I Error)

n O.EO 0.15 0.10 0.05 0.01

58 | 1.608841 | 1.658838 | 1.720072 | 1.842489 | 2.122024
39 | 1.601927 | 1.653996 | 1.727892 ; 1.841658 | 2.12377:
60 | 1.604246 | 1.655979 | 1.722711 | 1.850096 | 2.099027 |
61 | 1.601652 | 1.649261 | 1.721050 | 1.842003 | 2.114895
62 | 1.609081 | 1.664414 | 1.726728 | 1.855917 | 2.137005
63 | 1.606510 | 1.658436 | 1.731819 | 1.851661 | 2.188877
64 | 1.595528 | 1.643341 | 1.708275 | 1.821423 | 2.082424
65 | 1.614925 | 1.665764 | 1.738296 | 1.848522 | 2.120224
66 | 1.603245 | 1.655537 | 1.723713 | 1.853168 | 2.155743 i;
67 | 1.605503 | 1.652283 | 1.727871 | 1.854118 | 2.106010
68 | 1.601856 | 1.646454 | 1.719967 | 1.821701 | 2.072914
69 | 1.602928 | 1.650131 | 1.721455 | 1.826721 | 2.06%020
70 | 1.601944 | 1.646496 | 1.711170 | 1.825813 | 2.1082¢9 i
71| 1.598667 | 1.644791 | 1.713329 | 1.848534 | 2.133702
72 | 1.604134 | 1.651684 | 1.718487 | 1.842300 2.086609
73 | 1.593395 { 1.643261 | 1.709183 | 1.825314 | 2.140033
74| 1.602291 | 1.652550 | 1.724125 | 1.857033 | 2.137%79
5 | 1.594906 | 1.645405 1.841076




Table 4.10. Continued (Mod. A-D)

Level of Significance {a= Type 1 Error)

I 0.20 0.15 0.10 0.05 0.01

76 ; 1.608738 | 1.661160 | 1.740814 | 1.863881 ; 2.192662
77 | 1.599689 | 1.650547 | 1.725956 | 1.831131 | 2.113838
78 1 1.598564 | 1.648224 | 1.718864 | 1.836502 | 2.126775
79 : 1.60091% 1 1.649132 | 1.719360 | 1.825165 | 2.155197
80 | 1.602745 | 1.630009 | 1.714119 1.824196 | 2.109204
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Table 4.11. Critical Values for the Cramer-vcn Mises Test (C-VM)

Level of Sigxlificance (a= Tvpe I Error)
n 0.20 0.15 0.10 0.05 0.01
4 | 6.068717889 | 0.075482644 | 0.085986301 | 0.1027864 | 0.1329755
5 10.074497014 | 0.81921719 | 0.092780255 | 0.1088244 | 0.1519448
6 | 0.073810749 | 0.081494279 | 0.092883252 | 0.1105654 | 0.1521890
T 10.075224698 | 0.082806356 | 0.094552420 1 0.1141220 | 0.1578436
% 10.077101640 | 0.085106254 | 0.097887017 | 0.1198000 | 0.1676036
it 9 1 0.078383930 | 0.086605310 | 0.098667294 | 0.1704440 | 0.1719634
10 { 0.079117730 | 0.087914445 | 0.099269629 ! 0.1196247 0.1692951
11 1 0.078922927 | 0.087871805 | 0.1000359 | 0.1211092 | 0.1659990
I 12 | 0.09329304 | 0.088333301 | 0.1021110 | 0.122117° | 0.1716552
13 | 0.078199118 | 0.088464923 | 0.100532% | 0.1214648 | 0.1737344
14 | 0.078987874 | 0.087575160 | 0.099740401 | 0.1212310 ] 0.1704127
15 | 0.079056472 0.8875494787 0.099057473 | 0.1191476 | 0.1690551
16 0.0802§8&62 0.088360421 | 0.1004809 | 0.1211501 | 0.1750606
17 | 6.079889290 | 0.090032421 § 0.1039800 | 0.1289154 0.175%416
18 | 0.078992881 | 0.086529292 | 0.099361897 | 0.1195607 | 0.1663492
19 | 0.081109054 | 0.089803994 | 0.1024809  0.1242585 | 0.1726213
20 0.078324966 | 0.087843895 ; 0.1009991 © 0.1217474 | 0.1816628
21 § 0.079958476 | 0.089077838 | 0.1013554 | 0.1227503 | 0.1673577




Table 4.12. Continued (C-VM)

Level of Significance (a= Type I Error)

n 0.20 0.15 0.10 0.05 0.01

22 71 0.080977112 | 0.088679813 | 0.1018423 | 0.1238366 | 0.1773855
23 | 0.080085248 | 0.090274885 | 0.1034425 | 0.1300206 | 0.1784900
24 | 0.07939031 | 0.089777172 | 0.1020681 | 0.1217616 | 0.1747164
25 7 0.080698572 | 0.090523042 | 0.1030444 | 0.1230224 | 0.1699734
26 ) 0.078952312 | 0.087606333 | 0.099764936 | 0.1190569 | 0.1706200
27 1 0.081380449 | 0.090854980 | 0.1030964 | 0.1283479 | 0.1768174
28 | 0.081017911 | 0.089316107 | 0.1036277 z 0.1256568 | 0.1728324
29 | 0.080269307 | 0.089592382 | 0.1017790 | 0.1247838 | 0.1799154
30 ; 0.080438256 | 0.08979077 0.1020064 | 0.1237940 | 0.1782377
31 | 0.079447605 | 0.088063426 { 0.1010344 ; 0.1231003 ?.1 714168
327 0.079861253 | 0.089245029 | 0.1006432 | 0.1208329 | 0.1808827
33 1 N1.080136381 | 0.089789651 | 0.1020840 1 0.1211 1-‘32 ?.1?60548
34 _ 0.0799R8673 | 0.088616826 | 0.1018256 | 0.1229455 | 0.1763405
35 7(}.{3305941‘). 0.089403555 0.170236(}'2 ' 0.1261002 | 0.1755391
36 | 1.081034966 | 0.089757077 | 0.1015147 | 0.1221960 | 0.1723452
37 1 0.051238300 | 0.088=18684 | 0.1010038 | 0.12645%0 | 0.1787453
38 0.0%0053426 | 0.088507704 | 0.1006704 0.1224907 0.1633722
39 1 0.080003247 | 0.0858%44657 | 0.i019481 | 0.1246798 » 0.1758400
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Table 4.13. Continued (C-VM)

Level of Significance (= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.080477841

0.089769222

0.1011164

0.1196890

0.1695593

0.080171429

0.088017531

0.1005671

0.1244502

0.1731949

0.080914006

0.089308478

0.1018946

0.1228404

0.1791724

0.081907399

0.091332987

0.1055718

0.1283962

0.1750055

0.081682011

0.091009520

0.1021398

0.1265333

0.1841971

0.081103258

0.090990670

0.1033571

0.1269290

0.1839232

0.080394760

0.089128010

0.1025386

0.1233494

0.1827025

0.079413734

0.088695556

0.1002844

0.1236093

0.1751411

0.080372520

0.090312369

0.1031824

0.1251452

0.1786935

0.080017462

0.089598760

0.1016602

0.1224438

0.1748529

0.080518857

0.089651220

0.1030667

0.1253582

0.1759703

0.080380484

0.089901276

0.1032750

0.1250169

0.1754528

0.080479883

0.090384185

0.1038498 |

0.1272965

0.182242;

(W 1)

0.079644296

0.088755876

0.1016509

0.1230755

0.1731220

0.079933308

0.088640191

0.1029210

10.1227959

0.1692909

0.081148617

0.090576157

0.1043266

0.1260005

0.1849225

o
[~

0.080681525

0.090332493

0.1028001

 0.1235662 |

0.1738220 |

wr
-3

0.080314606

0.089454904

0.1027690

| 0.1240410 |

0.1762333




Table 4.14. Continued (C-VM)

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.080621526

0.090482786

0.1028826

0.1240699

0.1786074

0.079781540

0.088063873

0.1007847

0.123590%

0.1725108

0.079344243

0.088021867

0.1004375

0.1237136

0.1681552

0.079368405

0.088960953

0.1016442

0.1216617

0.1700009 I

0.080933124

0.090191275

0.1037772

0.1250453

o0 |
0.1755820

0.079995684

0.089590319

0.1018710

0.1251102

0.1737180

0.080818497

0.090112224

0.1029750

0.1255121

0.1772580

0.081838332

0.091066293

0.103900%

0.1274379

0.1774001 |

66

0.081019178

0.090116628

0.1044304

0.1262270

0.1695016 [

67

0.078763321

0.087924048

0.1029343

0.1247742

A
0.1802715 |

68

0.081587173

0.091857091

0.1043757

0.1296844

0.1813279

| 69

0.082457997

0.091501348

0.1051687

0.1271503

0.1730216

0.081171773

0.090045738

0.1042446

0.125471%

0.1781813

0.080247104

0.090262674

0.1030740

0.1260096

0.1740322

0.080701694

0.089826591

0.1023556

0.1802059

0.080590956

0.090665735

0.1037948 ;

P 01765728

0.081315602

0.091510229

0.1035885

0.1236244

0.1736130

0.081097774

0.090924%81

0.1030945

: 0.1260590

' 0.1815204




Table 4.15. Continued {C-V'Mj

Level of Significance {a= Txpe 1 Error)

0.079321444

0.1024222 | 0.1257416

!

il

0.20 015 | 010 0.05 0.01 §
0.081169255 | 0.090258129 | 0.2024938 | 0.1219029 | 0.164649 i
0.081446439 | 0.090075724 | 0.1035862 | 0.1257362 azaz&ss;%
0.081172861 | 0.09009198% | 0.1031678 | 0.1263537 a.z:;agsa
0080688916 | 0089598104 | 0.1008036 | 0.1215363 :3.?33:@3%
0089231446 01837831 g




Table 4.16. Critical Values for the Modified Cramer-von Mises Test (Mod. C-VM)

Level of Significance (a= Type I Error)
n 0.20 0.15 0.10 0.05 0.01
4 0.1171122 | 0.1258052 | 0.1399408 | 0.1631716 | 0.2042842
3 0.1141850 | 0.1239169 | 0.1363130 | 0.1598520 | 0.2155906
6 0.1068020 | 0.1162525 | 0.1293700 | 0.1531270 | 0.2002948&
7 0.1032833 | 0.1128287 | 0.1268466 | 0.1502074 | 0.1996575
8 0.1016296 | 0.1121755 | 0.1274291 | 0.1523345 | 0.2109509
9 0.1002520 | 0.1098706 | 0.1242078 | 0.1462136 | 0.2049321
10 | 0.096721902 | 0.1067272 | 0.1205297 | 0.1434972 | 0.2080106
11 | 0.094881043 | v.1041535 | 0.1188708 | 0.1445517 | 0.2029956
12 | 0.094152793 | 0.1041171 | 0.1179808 | 0.1418343 | 0.2027317
13 | 0.094214745 | 0.1040925 | 0.1186687 | 0.1422543 ) 0.1956540
14 | 0.094684064 | 0.1043528 | 0.1173616 | 0.1403915 | 0.1973863
151 0.094134524 | 0.1043178 | 0.1183724 | 0.1416568 | 0.1953897
16 | 0.092405163 | 0.1024797 | 0 176013 | 0.1412600 | 0.1948619
171 0.090981118 | 0.1004940 | 0.1148321 | 0.1395562 | 0.2043033
181 0.089875177 | 0.098631233 | 0.1116510 | 0.1374580 | 0.2003421
E 19| 0.090445790 | 0.099732995 | 0.1144853 | 0.138%062 | 0.1931063
[;0 0.089838564 | 0.099070512 | 0.1129879 | 0.1362366 | 0.1969647
21 | 0.489624360 | 0.099597573 | 0.1121041 ; 0.1365572 | 0.187%682
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Table 4.17. Continued (Mod. C-VM)

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

22

0.0898" 2

0.099156566

0.1116720

0.1353266

0.1956280

23

0.0892 3

0.097931020

0.1120457

0.1355183

0.1845801

24

0.090250760

0.098927520

0.1116665

0.1345997

0.1894391

0.086477816

0.096268803

0.1097936

0.1330310

0.1883914

0.089361295

0.099474996

0.1116120

0.1350340

0.1839367

0.087897420

0.096669361

0.1099983

0.1325055

0.1888126

28

0.087610364

0.097102761

0.1115020

0.1350892

0.1910306

29

0.086007208

0.096212253

0.1096980

0.1325047

0.1878328

30

0.086151421

0.095770031

0.1086233

0.1290127

0.1805344

31

0.085716859

0.096077800

0.1094933

0.1336F58

0.1866961

32

0.087037697

0.097366460

0.1106475

0.1361363

0.1887586

33

0.086482324

0.095280468

0.1080469

0.1297646

0.1838285

| 34

0.086857319

0.096330233

0.1084818

0.1334283

0.1921022

(0.086611502

0.096350551

0.1082830

0.1293105

0.1893613

36

0.025340649

0.093953252

0.1065204

0.1291684

0.1835041

37

0.085253775

0.094642401

0.1082638

0.1305203

0.1826530

38

0.084169395

0.093680479

0.1060074

0.1283366

0.1774915

39

0.084604226

0.093360327

0.1072569

0.1302742

0.183092%




Table 4.18. Continued (Mod. C-VM)

Leve] of Significance (a= Type I Error)

n

0.20

0.15

0.10

0.05

0.01

40

0.087177113

0.096347749

0.1103945

0.1337443

0.1834177

41

0.085038245

0.094490454

0.1059541

0.1316031

0.1858505

42

0.084178187

0.093363374

0.1072612

0.1291613

0.1772463

43

0.086647049

0.096142627

0.1099741

0.1314089

0.1859473

44

0.086165667

0.096147276

0.1089791

0.1321802

0.1807189

0.086863168

0.097464323

0.1116782

0.1368531

0.1855542

46

0.084294438%

0.094070919

0.1069317

0.1279515

0.1944696

47

0.083825737

0.093185492

0.1074729

0.1312952

0.1849413

48

0.084716879

0.093679935

0.1077310

0.1310238

0.1805953

49

0.084885985

0.093539461

0.1057767

0.1298060

0.1897912

0.084612489

0.093931831

0.1081517

0.1312491

0.1883270

0.095265456

0.1085853

0.131905%8

0.1854176

0.094202630

0.1286628

0.1816324

0.082118019

0.092360727

0.1055925

0.1278450

0.1844971

0.084748983

0.093850747

0.1066248

0.1306041

0.1898644

0.085000128

0.093799673

0.1080838

0.1314944

0.1822879

0.084181368

0.093914039

0.1067785

0.1333640

0.1860174

0.08290714% l 0.091027714

0.1043118

0.1271668

0.17325%5
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Table 4.19. Continued (Mod. C-VM)

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.082885757

0.092641443

0.1053403

0.1266784

0.1769804

0.083405033

0.093811668

0.1067430

0.1295628

0.1896901

60

0.083464295

0.093149699

0.1059194

0.1299687

0.1804228

61

0.081543289

0.090840355

0.1036204

0.1264776

0.1685492

62

0.084958017

0.095521927

0.1087770

0.1315241

0.1841160

63

0.082068309

0.092810810

0.1069565

0.1284048

0.1864124

64

0.082610682

0.091001593

0.1046564

0.1266130

0.1744784

0.082847416

0.092799872

0.1055391

0.1267756

0.1766667

0.081755854

0.090612829

0.1042599

0.1255016

0.1724503

0.082927428

0.093032897

0.1063054

0.1294967

0.1764327

0.083560646

0.093030259

0.1060542

0.1276196

0.1837067

0.083318591

0.093147844

0.1069267

0.1281051

0.1858886

0.085421734

0.004470188

0.1080142

0.1290280

0.1830784

0.083139651

0.093213074

0.1076766

0.1280835

0.1768681

0.083336644

0.092905864

0.1057336

0.1265798

0.1828810

0.084840626

0.093278311

0.1057599

0.1302512

0.1799054

0.085315138

0.093913630

0.1075264

0.1314406

0.1812564

0.084%50922

0.094617531

0.1083276

0.1322037

0.1838400




Table 4.20. Continued (Mod. C-VM)

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.082804367

0.091524869

0.1058075

0.1247443

0.1755374

0.082122885

0.091925353

0.1047585

0.1266247

0.1827%77

0.084189937

0.093079522

0.1064301

0.1291159

0.1803580

0.084658489

0.094539940

0.1080402

0.1278412

0.1756680

0.083445959

0.093562253

0.1065563

0.1313581

0.1870539




|

4.2.2  Power Comparison Tables. This section contains two sets of power compari-
son tables. The first set of tables compares the powers of the tests modified by using the
median rank to the powers of the known A-D and CV-M goodness-of-fit tests. The second
set of tables compares the powers of the tests modified by using the mean rank to the known
A-D and CV-M goodness-of-fit tests. These two sets of power comparisons are presented
for each alternative distribution to display the powers of the modified goodness-of-fit tests

clearly.

In addition to these power tables. the visual representations for the power improve-
ments are given for each distribution with each plotting position used. These figures show
the power improvements as the sample size doubles for the significance level of a = 0.05

which is the most commonly used (4).




Table 4.21.

Power Comparison for the Anderson-Darling Test with the Uniform Distri-

bution Using the Median Rank

Level of Significance (a= Type I Error)

n 0.20 0.15 0.10 E 0.05 0.01

10 1 | 0.2806000 | 0.2090000 | 0.1510000 | 0.0821999 | 0.0146000
10 ¢ | 0.2828000 | 0.2128000 | 0.1516000 | 0.0836000 | 0.0146000
20 1 | 0.4804000 | 0.3962000 | 0.2904000 | 0.1742000 | 0.0374000
20 1 | 0.4846000 | 0.3976000 | 0.2938000 { 0.1756000 | 9.0377999
30 1 | 0.6394000 | 0.5648000 | 0.4526000 | 0.2906000 | 0.0828000
30 1 | 0.6436000 | 0.5676000 | 0.4564000 | 0.2932000 | 0.0842000 |
40 1 | 0.7516000 | 0.6914000 | 0.6036060 0.46120062&.079999?:?:
40 £ | 0.7542000 | 0.6930000 | 0.6082000 %}.46360(5(’)E 0.1980000 f
50 1 | 0.8568000 | 0.8018000 | 0.7126000 | 0.5614000 | 0.2682000 i
50 % | 0.8608000 | 0.8002000 | 0.7148000 | 0.5362000 | 0.2480000
60 i | 0.9146000 | 0.8826000 | 0.8278000 | 0.7072000 | 0.3774000
60 | 0.9154000 | 0.8764000 | 0.8194000 | 0.6864000 | 0.4166000
70 1 | 0.9548000 | 0.9354000 | 0.9002000 | 0.8140000 | 0.3272000
703:955200[]@0.9362000 0.9002000 0.80960005 0.5168000
80 7 | 0.9794000 ! 0.9568000 ; 0.9356000 0.3502000§ 0.5952000
80 ¢ 0.97960002 0.9684000%0.938400&_0.8740000§ 0.6316000 |\

iUnmodified A-D Test
IModified A-D Test




Table 4.22.

Power Comparison for the Cramer-von Mises Test with the Uniform Distri-

bution Using the Median Rank

Level of Significance (a= Type I Error)

n 0.20 0.15 0.10 0.05 0.01
10 1 | 0.2676000 | 0.2013000 | 0.1422000 | 0.0741999 | 0.1180000
10 § | 0.2570000 | 0.1924000 | 0.12020600 | 0.0557999 | €.0820000
2% 1 0.4262000 | 0.3462000 | 0.2496000 | 0.1452000 0.023399?
20 £ ! 0.3630000 | 0.2950000 | 0.2100000 | 0.1156000 | 0.0179999
30 7 | 6.5560000 | 0.4688000 | 0.3714000 | 0.2342000 | 0.0575999
30 % 1 0.5180000 | 0.4344000 | 0.3376000 | 0.2164000 | 0.0575999

1 40 0.6552000 0.5780000 | J.4888000 | 0.3578000 | 0.1268000

| 40 i | 0.6006000 | 0.5272000 | 0.4228000 | 0.2796000 | 0.0916000

: 50 1 1 0.7594000 | 0.6924000 | 0.5896000 0.4‘2660007 0.1730000

| 50 1| 0.7288000 | 0.656%000 | 0.5422000 ; 0.3814000 | 0.1283000

1 60 | 0.8388000 | 0.7520000 | 0.7056000 | 0.5468000 | 0.2878000

g 60 £ | 0.8020000 | 0.7470000 | 0.6604000 | 0.4984000 | 0.2272000 |

g 707 O.SSTGOQO 0.8454090 0.7660000 | 0.6344000 ! 0.3174000 |
70 | 0.863%000 | 0.8154000 § 0.7296000 | 0.5984000 ; 0.2874000
80 i | 0.9324000 | 0.8944000 | 0.8316000 ! 0.7082000 ; 0.3736000
80 i | 0.9100000 | 0.8674000 ; 0.8044000 ‘0.6668000x 0.3434000 ;

iUnmodified C-VM Test
tModified C-V'M Test
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Figure 4.1. Anderson-Darling Power Test for the Uniform Distribution with the Median

Rank
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Figure 4.2. Cramer-von Mises Power Test for the Uniform Distribution with the Median
Rank




Table 4.23. Power Comparison for the Anderson-Darling Test with the Weibull Distribu-
tion Using the Median Rank

Level of Significance (a= Type I Error)
n 0.20 0.15 0.10 0.05 0.01
10 1 1 0.2020000 | 0.1518000 | 0.1082000 | 0.0572000 | 0.0114000
10 § | 0.2020000 | 0.1520000 | 0.1094000 | 0.0577999 | 0.0116000
| 20 i | 0.2544000 { 0.1966000 | 0.1382000 | 0.0700000 | 0.0162000
20 1| 0.2556000 ; 0.1960000 | 0.1380000 | 0.0726000 | 0.0162000
30 7 ; 0.2706000 | 0.2110000 ; 0.1486000 | 0.0806000 | 0.0210000
30 % 0.27340007 0.2106000 { 0.1490000 | 0.0806000 | 0.0210000
40 71 0.2976000 1 0.2358000 | 0.1774000 | 0.10v2000 | 0.0288000
40 {1 0.2970000 | 0.2364000 | 0.1784000 | 0.1082000 | 0.0289999
I 50 § | 0.3266000 | 0.2646000 | 0.1860000 | 0.106%000 | 0.0284000
50 1 i 0.3308000 | 0.26180007 70.1854000 0.1044000 | 0.0258000 :
60 7§ 0.3712000 E 0.3072000 | 0.2336000 | 0.1396000 | 0.0342000
6() 11 0.3696000 ! 0.2960000 | 0.2222000 | 0.1276000 ; 0.0414000
70 11 0.4006000 i 0.3398000 : 0.2624000 0.1642‘38007 0.0511999 ;
i W03 E 0.399%000 i 0.3390000 | 0.2606000 | 0.1612000 | 0.0496000
50 i i 0.4296000 : 0.3543000 0.2578000 { 0.1600000 i 0.0478000
R0 1 0.4292000 (.2592000 : 0.2%66000 | 0.1830000 E 0.0544000 |

iUnmodified A-D Test
iModified A-D Test
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Table 4.24. Power Comparison for the Cramer-von Mises Test with the Weibull Distri-

bution Using the Median Rank

Level of Significance (a= Tvpe I Error}j

0.20

0.15

0.10

0.05

0.01

0.4380000

0.3768000

0.3062000

0.2192000

0.0939999

0.5484000

0.4824000

0.4030000

0.2978000

0.1266000

0.6922000

0.6322000

0.5518000

0.4458000

0.2362000

0.7568000

0.7092000

0.6364000

0.5192000

0.3016000

0.8086000

0.7700000

0.7156000

0.6146000

0.3988000

0.867-4000

0.8296000

0.7800000

0.7002000

0.5064000

0.8996000

0.8694000

0.8272000

0.7596000

0.5714000

0.9288000

0.9034000

0.8646000

0.7862000

0.6176000

i | 0.9456000 ! 0.9272000

-

0.8926000

| 0.8312000

0.6748000

i 10.9622000

0.94582000

0.9244000

0.8676000

0.7124000

i : 0.9728000

 0.9624000

0.8424000

: 0.9040000 !

0.7926000 |

| 0.9820000

0.9744000 |

0.96020060

| 0.9248000 !

0.8154000

: | 0.9846000

0.9786000 |

0.9650000

09364000 |

0.839%000 |

£ 1 0.9894000

0.9834000 '

0.9758000

| 0.9538000 |

0.8756000

0.9924000

0.9888000 |

0.9820000

! 0.9614000 |

0.8816000 ©

t | 0.9952000 |

0.9924000 |

0.9872000

: 0.9732000 ,

0.9116000 |

iUnmodified C-\"M Test
iModified C-VM Test




0.2 T T I T T  —

Unmodified —
Modified

0.16
0.14
Power 0.12

0.1F ﬁ
0.08 .
0.06 -
n 04 4 i - | S i ] ol

10 20 30 40 50 60 70 80

Sample Size

Figure 4.3. Anderson-Darling Power Test for the Weibull Distribution with the Median
Rank
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Figure 4.4. Cramer-von Mises Test for the Weibull Distribution with the Median Rank
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Table 4.25.

Power Comparison for the Anderson-Darling Test with the Exponential Dis-

tribution Using the Median Rank

Level of Significance {(a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.6662000

0.6046000

0.5332000

0.4236000

0.2228000

0.6660000

0.6058000

0.5338000

0.4240000

0.2240000

0.9280000

0.9026000

0.8590000

0.7866000

0.5778000

0.9290000

0.9024000

0.

[

588000

0.75338000

0.5780000

0.9868000

0.9822000

0.9682000

0.9366000

0.8128000

0.9868000

0.9822000

0.9684000

0.9366000

0.8120000

0.9984000

0.9974000

0.9958000

0.9892000

0.9332000

0.9934000

0.9974000

0.9958000

0.9892000

0.9540000

0.9996000

0.9996000 |

0.9992000

0.9964000

0.9822000

0.9996000

0.9996000

0.9992000

0.9964000

0.9792000

i 1 0.9996000

0.9996000

[ 0.9996000

0.9592000

0.9956000

0.9996000

0.9996000

0.9996000

(.9992000

0.9964000

1.000000 |

1.000000

1.000000

1.000000

0.9950000

| 1.000000

| 1.000000

©1.000000

1.000000

0.9990000

i | 1.000000

1.000000

| 1.000000

1.000000

0.9994000

1.000000

1.000000

 1.000000

1.000000 ; 0.9994000

iUnmodified A-D Test
iModified A-D Test




Table 4.26. Power Comparison for the Cramer-von Mises Test with the Exponential Dis-
tribution Using the Median Rank

Level of Significance {a= Tvpe I Error}

0.20 0.15 0.10 0.05 0.01

10 7 | 0.6402000 |} 0.5716000 | 0 5044000 | 0.3%95000 | 0.2012000

10 i | 0.7354000 | 0.6508000 | 6.6026000 | 0.4912000 | 0.2494000

20 7 | 0.8952000 | 0.8666000 | 0.8200000 | 0.7424000 | 0.1960000

20 ¥ | 0.9306000 | 0.9074000 | 0.8690000 | 0.795%000 | 0.5900000

30 + | 0.9762000 | 0.9644000 | 0.9466000 | 0.5010000 | 0.7490000

30 1| 0.9874000 | 0.9500000 @ 0.9666000 | 0.9392000 | 0.8300000

40 7 | 0.9958000 | 6.9925000 | 0.9880000 | 0.975400, | 0.9112000

40 £ ; 0.9976000 | 0.9962000 | 0.9926000 | 0.9%14000 | 0.9312000

50 i ; 0.9990000 | 0.9990000 | 0.9968000 | 0.9910000 | 0.964

0000
50 1 | 0.9994000 | 0.9992000 | 0.9982000 | 0.994%8000 | 0.9716000
G000

0 ¢ 0.9992000 | 6.9992000 | 0.99%%000 | 0.9976000 | 0.991

60 § { 6.9996000 | 0.9994000 | 0.9992000 | 0.99%6000 ; 0.9930000

?9%% 1.000000 | 1.000006 ; 1.000000 | 1.000000 | 0.995%000

70 1| 1.000000 | :.000000 | 1.000000 | 1.000000 ;i}‘j@i’iﬁﬂﬁﬁ

! 50§ 1.000000 | 1.000000 | 1.000000 | 0.9996000 | 0.99%2000 |

ot

%0 ¢ 1.000000 | 1.000000 | 1.000000 | 5.999%000 | 0.99%x000 |

Unmodified (
Modified C-VM Test
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Figure 4.5. Anderson-Darling Power Test for the Exponential Distribution with the Me-
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Figure 4.6. Cramer von Mises Power Test for the Exponential Distribution with the Me-
dian Rank
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Table 4.27.

Power Comparison for the Anderson-Darling Test with the Lognormal Dis-

tribution Using the Median Rank

Level of Significance {a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.4562000

0.3890000

0.3210000

0.2356000

0.1046000

0.4550000

0.3908000

0.3220000

0.2354000

0.1048000

i 1 0.7246000

0.6708000

0.5950000

0.4803000

0.2860000

0.7252000

0.6694000

0.5948000

0.4420000

0.2850000

30 1

0.8392000

0.8050000

0.7536000

0.6518000

0.4524000

0.8402000

0.8050000

0.7530C00

0.6512000

0.4514000

0.9266000

0.9016000

0.8700000

0.8056000

0.1656000

0.9268000

0.9016000

0.8706000

0.8044000

0.6348000

0.9590000

0.9466000

0.9238000

0.8712000

0.7346000

0.9604000

0.9458000

0.9236000

0.8682000

0.7234000

0.9826000

0.975800

0.9462000

0.9352000

0.8244000

0.9818000

0.9742000

0.9612000

0.9304000

0.8402000

0.9912000

0.9878000

0.9810000

0.9660000

0.9034000

0.9910000

0.9878000

0.9804000

0.9650000

0.8998000

¢.9976900

0.9950000

1.9912900

0.2802000

0.9290000

80 i

0.9976000

0.9952000

0.9926000

0.9522000

0.9380000

iUnmodified A-D Test
iModified A-D Test




Table 4.28. Power Comparison for the Cramer-von Mises Test with the Lognormal Dis-

tribution Using the Median Rank

Level of Significance (a= Type I Error)

n 0.20 0.15 0.10 0.05 0.01

10 ¥ | 0.4450000 | 0.3772000 | 0.3080000 | 0.2112000 | 0.0726000
10 1 | 0.5966000 | 0.5294000 | 0.4468000 | 0.3300000 | 0.1488000
20 7 | 0.6922000 | 0.6322000 | 0.5518000 | 0.4453000 | 0.2362000
20 1| 0.7568000 | 0.7092000 | 0.6364000 | 0.5192000 | 0.3016000
30 + ] 0.8220000 ] 0.7780000 | 0.7196000 | 0.6242000 | 0.3896000
30 1 0.8516000 | 0.8186000 | 0.7630000 | 0.6710000 | 0.4463000
40 1 | 0.9060000 | 0.87¢ - :| 0.8278000 | 0.7504000 | 0.5286000
40 § | 0.9194000 ! 0.8970000 | 0.8562000 | 0.7780000 | 0.5710000
50 i | 0.9490000 | 0.9296000 | 0.8978000 | 0.8422000 | 0.6568000
50 1 | 0.9530000 | 0.9392000 | 0.9154000 | 0.8564000 | 0.6822000
60 7 | 0.9738000 | 0.9630000 | 0.9420000 | 0.9064000 | 0.7590000
60 11 0.9770000 | 0.9682000 | 0.9514000 0.9;46000 0.7794000
70 ¥ | 0.9862000 | 0.9800000 { 0.9676000 | 0.9438000 | 0.8314000
70 £ | 0.9866000 | 0.9838000 | 0.9716000 | 0.9462000 | 0.8434000
&0 i | 0.9930000 | 0.9894000 | 0.9836000 | 0.9664000 | 0.8850000
80 1 | 0.9936000 | 0.9906000 | 0.9846000 | 0.9684000 | 0.8948000

iCnmodified C-V'M Test

iModified C-VM Test
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Figure 4.7.  Anderson-Darling Power Test for the Lognormal Distribution with the Me-
dian Rank
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Figure 4.8, (Cramer-von Mises Power Test for the Lognormal Distribution with the Me-
dian Rank
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Table 4.29. Power Comparison for the Anderson-Darling Test with the Double Exponen-

tial Distribution Using the Median Rank

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.7352000

0.6798000

0.6130000

0.5002000

0.2878000

0.7358000

0.6810000

0.6132000

0.5004000

0.2888000

20 1

0.9588000

0.9440000

0.9144000

0.8618000

0.6896000

0.9592000

0.9440000

0.9150000

0.8354000

0.6894000

30

0.9950000

0.9918000

0.9856000

0.9666000

0.8968000

30 ¢

0.9950000

0.9918000

0.9858000

0.9664000

0.8960000

0.9996000

0.9996000

0.9992000

0.9964000

0.7180000

0.9996000

0.9996000

0.9992000

0.9964000

0.9774000

1.000000

1.000000

1.000000

0.9992000

0.9950000

1.000000

1.000000

1.000000

0.9992000

0.9938000

1.000000

1.000000

1.000000

1.000000

0.9992000

1.000000

1.000000

1.000000

1.000000

0.9996000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.006000

1.000000

1.000000

1.000000

1.000000

(V.43

01

1.000000

1.000000

1.000000

1.000000

1.000000

1Unmodified A-D Test
iModified A-D Test
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Table 4.30.

Power Comparison for the Cramer-von Mises Test with the Double Exponen-

tial Distribution Using the Median Rank

Leve] of Significance (a= Type I Error)

n 0.20 0.15 0.10 0.05 0.01

10§ | 0.7104000 | 0.6526000 { 0.5848000 | 0.4662000 | 0.2624000
10 § | 0.7926000 | 0.7512000 | 0.6792000 | 0.5678000 | 0.3133000
20 | 0.9422000 | 0.9210000 | 0.8834000 | 0.8253000 | 0.6158000
20 % | 0.9606000 | 0.9456000 | 0.92.°000 | 0.8670000 | 0.6880000
301 | 0.9890000 | 0.9834000 | 0.9730000 | 0.9464000 | 0.8556000
30 1 | 0.0.9944000 | 0.9904000 | 0.9840000 | 0.9690000 | 0.9020000
401 | 0.9984000 | 0.9976000 | 0.9952000 | 0.9894000 | 0.9598000
40 1 | 0.9996000 | 0.9990000 | 0.9976000 | 0.9912000 | 0.9688000
501 | 1.000000 | 1.000000 | 0.9986000 | 0.9966000 | 0.9854000
50% | 1.000000 1.000000 | 1.000000 | 0.9954000 | 0.9888000
60| 1.000000 | 1.000000 | 1.000000 | 0.9996000 | 0.9978000
60%, 1.000000 1.000000 | 1.000000 | 0.999%000 | 0.9986000
707 | 1.000000 1.000000 | 1.000000 ; 1.000000 | 0.9992000
70311 1.000000 1.000000 | 1.000000 | 1.000000 | 0.9996000
80 ¢ 1.000000 { 1.000000 ; 1.000000 | 1.000000 | 0.999%000
80 % | 1.000000 1.000000 | 1.000000 | 1.000000 | 1.000000

iUnmodified C-VAI Test
iModified C-VM Test
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Figure 4.9. Anderson-Darling Power Test for the Double Exponential Distribution with
the Median Rank
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Figure 4.10. Cramer-von Mises Power Test for the Double Exponential Distribution with
the Median Rank




Table 4.31.

Power Comparison for the Anderson-Darling Test with the Uniform Distri-

bution Using the Mean Rank

Level of Significance (a= Type I Error)

0.20

(.15

0.10

0.05

0.01

0.2806000

0.2090000

0.1510000

0.0821999

0.0146000

0.2840000

0.2160000

0.1566000

0.0858000

0.0152000

0.4804000

0.3962000

0.2904000

0.1742000

0.0374000

0.5103000

0.4012000

0.3124000

0.1891000

0.0472100

0.6394000

0.5648000

0.4526000

0.2906000

0.0828000

0.6438000

0.5770000

0.4660000

0.3024000

0.0869999

0.7516000

0.6914000

0.6036000

0.4612000

0.0799999

0.7610000

0.6962000

0.5996000

0.4178000

0.1878000

0.8568000

0.8018000

0.7126000

0.5614000

0.2682000

0.8686000

0.5296000

0.7520000

0.6136000

0.3008000

0.9146000

0.8826000

0.8278000

0.7072000

0.3774000

0.9100000

0.8716000 |

0.8078000

0.6766000

0.3626000

0.9548000

0.9354000

0.9002000

0.8140000

0.5272000

0.9552000

0.9346000

0.8936000

0.794%8000

0.4902000

30 1

0.9794000

0.9658000

| 0.9356000

0.8502000

0.5952000

80 %

0.9796000

0.9672000

0.9356000

0.8626000

0.5714000

iUnmodified A-D Test
#Alodified A-D Test
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Table 4.32. Power Comparison for the Cramer-von Mises Test with the Uniform Distri-

bution Using the Mean Rank

Level of Significance (a= Type I Error)
n 0.20 0.15 0.10 0.05 0.01
10 § | 0.2676000 | 0.2018000 | 0.1-422000 | 0.0741000 | 0.0118000
10 | 0.3312000 | 0.2688000 | 0.1904000 | 0.1056000 | 0.0223999
20 7 | 0.4262000 | 0.3462000 | 0.2496000 | 0.1452000 | 0.0233999
20 1 1 0.5166000 | 0.4310000 | 0.3304000 | 0.2078000 | 0.0524000
30 1 | 0.5560000 | 0.4688000 | 0.3714000 | 0.2342000 | 0.0575999
30 1 | 0.6498000 | 0.5706000 | 0.4640000 | 0.3172000 | 0.0913999
40 7 | 0.6552000 | 0.5780000 | 0.4888000 | 0.3578000 | 0.1268000
40 £ | 0.7334000 | 0.6692000 | 0.5752000 | 0.4420000 | 0.1850000
30 7 | 0.7594000 | 0.6924000 | 0.5896000 | 0.4266000 | 0.1730000
50 £ | 0.8312000 | 0.7588000 | 0.6726000 | 0.5138000 | 0.2420000
I 60 ¥ ; 0.8388000 | 0.7820000 | 0.7056000 | 0.5468%000 | 0.2878000
| 60 § ! 0.8838000 | 0.8394000 | 0.7705000 | 0.6260000 | 0.3556000
70 7§ 0.8876000 | 0.8454000 | 0.7660000 | 0.6344000 | 0.3174000
70 £ 1 0.9236000 | 0.88%0000 | 0.8224000 | 0.69&84000 | 0.3814000
80 7 | 0.9324000 | 0.8944000 | 0.83316000 | 0.7052000 | 0.3736000
80 1 | 0.9528000 | 0.9206000 | 0.8710000 | 0.775%000 ; 0.46R8%000

1Unmodified C-V'M Test
iModified C-V'M Test
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Figure 4.11. Anderson-Darling Power Test for the Uniform Distribution with the Mean
Rank
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Figure 4.12.  (Cramer-von Mises Power Test for the Uniform Distribution with the Mean
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Table 4.33,

Power Comparison for the Anderson-Darling Test with the Weibull Distribu-

tion Using the Mean Rank

Level of Significance (a= Type I Error}

0.20

0.15

0.10

0.05

0.01

10

0.2020000

0.1518000

0.1052000

0.0572000

0.0114000

10%

0.2020000

0.1538000

0.1106000

0.0579999

0.0124000

20 ¢

0.2544000

0.1966000

0.1352000

0.0700000

0.0162000

0.2610000

0.19%38000

0.1100000

0.0761000

0.6167200

0.2706000

0.2110000

0.1486000

0.0806000

0.0210060

0.2748000

0.2132000

0.1520000

0.0816000

0.0208009

0.2976000

0.2358000

0.1774000

0.1074200

0.0297000

0.2996000

0.2352000

0.1712000

0.0902000

0.0254000

0.3266000

0.2646000

0.1260000

0.1068000

0.0284000

0.3452000

0.2576000

0.2126000

0.1256000

| 0.0335999 |

0.3712000

0.3072000

0.2336000

0.1396000

0.0342000

0.3522000

0.2846000

0.2064000

0.1194000

| 0.0304000 |

0.4006000

0.3392000

0.2624000

0.1648000

0.0511999

0.3964000

0.3310000

0.2490000

' 0.1490000

- 0.0440000 &

0.4296000

0.3542000

0.2778000

{ 0.1600000 | 00475000 |

0.4246000

0.3536000

0.2722000

01686000 | 0.0397999 |

iUnmodified A-D Test
Modified A-D Test
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Table 4.34.

Power Comparison for the Cramer-von Mises Test with the Weibull Distri-

bution Using the Mean Rank

Level of Significance {(a= Type I Error)

i 1 0.20 0.15 0.10 0.05 0.01
| 10 ¢ | 0.1986000 | 0.1558000 | 0.1092000 | 0.0562000 | 0.0112000
10 1 | 0.2154000 ] 0.1662000 ; 0.1130000 ; 0.0553999 | 0.0124000
20 7 | 0.2482000 | 0.1922000 | 0.1290000 | 0.0692000 ; 0.0124000
20 £ | 0.2628000 0.’2016(?00 0.1370000 | 0.0777999 { 0.0140000
30 i | 0.2630000 | 0.2028000 | 0.1408000 | 0.0766000 | 0.0189999
5 30 1| 0.2740000 | 0.2204000 | 0.1506000 | 0.0839999 | 0.0206000
40 § | 0.2828000 | 0.2154000 | 0.1638000 | 0.1022000 | 0.0250000
40 § | 0.2942000 : 0.238%0000 ; 0.1768000 | 0.1060000 | 0.0280000
50 7| 0.3140000 | 0.2472000 | 0.1752000 ; 0.1004000 | 0.0255999
50 ¥} 0.3378000 | 0.2622000 | 0.1856000 | 0.1076000 | 0.0286000
60 i | 0.3474000 | 0.2822000 | 0.2108000 | 0.1180000 | 0.0392000 i
60 i | 0.3646000 0.2982000 0.2286698 | 0.1233000 0.0352000
: 70 1 | 0.3530000 8.29060?6 _ G.’ZOSSGGG 0.1382?30 0.0399999
70 1] 0.3728000 ; 0.3002000 i 0.2236000 | 0.1352000 | 0.0392000
80 1| 0.3978000 | 0.3208000 ; 0.2458000 { 0.142%000 | 0.0357999
R0 3 | 0.3976000 ; 0.3234000 ; 0.2482000 0.1516000 | 0.0399999

iUnmodifed C-\'M Test
iModified C-V'M Test
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Figure 4.13. Anderson-Darling Power Test for the Weibull Distribution with the Mean
Rank
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Figure 4.14. Cramer-von Mises Power Test for the Weibull Distribution with the Mean
Rank




Table 4.35.

Power Comparison for the Anderson-Darling Test with the Exponential Dis-

tribution Using the Mean Rank

Level of Significance {a= Type I Error}

G.20 0.13 0.10 0.05 6.01
0.6662000 | 0.6046000 : 0.5332000 | 0.4236000 | 0.2228000
0.u656000 | 0.6062000 | 0.535%000 | 0.4260000 | 0.2234000
0.9280000 | 0.9026000 | 0.8590000 | 0.7%66000 | 0.5778000
0.930000 | 0.9023000 ; 0.8610000 | 0.7930000 | 0.5800000
0.9868000 | 0.9522000 | 0.96%2000 | 0.9366000 | 6.8123000
J.9868000 | 0.9822000 | 0.9694000 | 0.9368000 | 0.8120000
0.9984000 | 0.9974000 | 0.9958%000 | (.9592000 | 0.9332000
0.9984000 ; 0.9974000 | 0.994R000 | 0.9%42000
0.9996000 | 0.9996000 | 0.9992000 | 0.9964000
0.9996000 | 0.9996000 ;| 0.9994000 | 0.93760
0.9996000 | 0.9996000 ; 0.9996000 | 0.9972000
(.9996000 | 0.9996000 | 0.9996000 | 0.9990000

‘73{'}806{? _ 1.000000 ; 1.000000 | 1.000000
1.000000 | 1.000000 | 1.000000 | 1.000000
1.000000 | 1.000000 : 1.000000 | 1.000000

< 0000 | 1.000000 | 1.000000 | 1.000000

$Unmodified A-D Te=t
iModified A-D Test




Table 4.36.

Power Comparison for the Cramer-von Mises Test with the Exponential Dis-

tribution Using the Mean Rank

Level of Significance (a= Type I Error)

0.20

0.15

0.10

0.05

0.01

0.6402000

0.5746000

0.5044000

0.3298000

0.2012000

0.6352000

0.5734000

0.4938000

0.5766000

0.1952000

0.8982000

0.8666000

0.8200000

0.7424000

0.4960000

0.8240000

0.8624600

0.8134000

0.73840(C

0.5072000

0.9762000

0.9644000

0.9466000

0.9010000

0.7490000

0.9760000

0.9652000

0.9446000

0.9044000

0.7406000

0.9958000

0.9928000

0.9880000

0.9754000

0.9112000

0.9960000

0.9932000

0.9872000

0.9740000

0.9084000

1.9990000

0.2990000

0.9968000

0.9910000

0.9990000

0.9938000

0.997000C

0.9906000

0.9640000

0.9640000

0.9992000

0.9992000

0.9985000

0.9976000

0.9916000

0.9992000

0.9992000

0.9988000

0.9978000

0.9908000

1.000000

1.000000

1.000000

1.000000

0.9958000

1.000000

1.000000

1.000000

1.000000

0.9958000

1.000000

1.000000

1.000000

0.9996000

6.99%2000

1.000000

1.000000

1.0000%0

0.9994000

0.9984000

iUnmodified C-VM Test
i fodified C-VM Test
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Figure 4.15. Anderson-Darling Power Test for the Exponential Distribution with the
Mean Rank
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Figure 4.16. Cramer-von Mises Test for ihe Exponential Distribution with the Mean
Rank
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Table 4.37.

Power Comparison for the Anderson-Darling Test with the Double Exponen-

tial Distribution Using the Mean Rank

Level of Significance (a= Type I Error)

i

0.20

0.15

0.10

0.05

0.01

10 §

0.7352000

0.6798000

0.6130000

0.5002000

0.2878000

0.7352000

0.6814000

0.6138000

0.5012000

0.2884000

20 1

0.9588000

0.9440000

0.9144000

0.8618000

0.6896000

0.9588000

0.9442000

0.9146000

0.8700000

0.6898000

0.6950000

0.9918000

0.9856000

0.9666000

0.8968000

0.9950000

0.9918000

0.9860000

0.9664000

0.8956000

0.9996000

0.9996000

0.9992000

0.9964000

0.7180000

0.9996000

0.9996000

(.9992000

0.9946000

0.9748000

1.000000

1.600000

1.000000

0.9992000

0.9950000

1.000000

1.000000

1.000000

0.9996000

0.9962000

1.000000

1.000000

1.000000

1.000000

0.9992000

1.00000v

1.000000

1.000000

1.000000

0.99960C0

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000000

1.000C00

0.9995000

1.000000

1.000000

1.500000

1.000000

1.000000

1.006000

1.000000

1.000000

1.000000

1.000000

iUnmodified A-D Test
tModified A-D Test




Table 4.38.

Power Comparison for the Cramer-von Mises Test with the Double Exponen-

tial Distribution Using the Mean Rank

Level of Significance (a= Tvpe I Error)

1.000000

n 0.20 0.15 0.10 0.05 0.01

10 ¥ | 0.7104000 | 0.6526000 | 0.5848000 | 0.4662000 | 0.2624000
10 ¢ | 0.7064000 | 0.6478000 | 0.5692000 | 0.4502000 | 0.2582000
20 1 | 0.9422000 | 0.9210000 | 0.8834000 | 0.8258000 | 0.6158000
20 § | 0.9400000 | 0.9174000 | 0.8802000 } 0.8174000 | 0.6158000
30 7 | 0.9890000 | 0.9834000 | 0.9730000 | 0.9464000 | 0.8556000
30 1 | 0.9892000 | 0.9838000 | 0.9718000 | 0.9444000 | 0.8486000
40 1 | 0.9984000 | 0.9976000 | 0.9952000 | 0.9894000 | 0.9598000
40 £ | 0.9980000 | 0.9970000 | 0.9946000 | 0.9886000 | 0.9582000
50 | 1.000000 | 1.000000 | 0.9986000 | 0.9966000 | 0.9854000
50 ¢ | 1.000000 | 0.9996000 | 0.9988000 | 0.9966000 | 0.9860000
60 7 | 1.000000 | 1.000000 | 1.000000 | 0.9996000 | 0.9978000
60 § | 1.000000 | 1.000000 | 1.000000 | 0.9996000 | 0.9963000
70 i | 1.000000 | 1.000000 { 1.000000 | 1.000000 ; 0.9992000
70§ | 1.0u0000 | 1.000000 | 1.000000 | 1.000000 | 0.9992000
80 ¥ | 1.000000 | 1.000000 | 1.000000 | 1.000000 ; 0.9992000
80 ¢ | 1.000000 | 1.000000 1.000000 | 1.000000

iUnmodified C-VM Test
iModified C-VM Test

1-48




1 Ll T — T ™1
0.95 Unmodified —— 4
Modified —
09 .
0.85 ]
0.8 -
Power 0.75 |- .
0.7 -
0.65 .
0.6 -
0.55 7 -
05 1 I i 1 i i
10 20 30 40 50 60 70 80

Sample Size

Figure 4.17. Anderson-Darling Power Test for the Double Exponential Distribution with
the Mean Rank
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Figure 4.18.  Cramer-von Mises Power Test for the Double Exponential Distribution with
the Alean Rank




Table 4.39.

Power Comparison for the Anderson-Darling Test with the Lognormal Dis-

tribution Using the Mean Ra-k

Level of Significance (a= Type I Error)

n 0.20 0.15 0.10 0.05 0.01
10 i | 0.4562000 | 0.3390000 | 0.3218000 | 0.2356000 | 0.1046000
10 § | 0.4534000 | 0.3896000 | 0.3220000 | 0.2354000 | 0.1048000
20 71 0.7246000 | 0.6708000 | 0.3950000 | 0.4808000 | 0.2860000
20 1| 0.7300000 | 0.6711000 | 0.5990000 | 0.4812000 | 0.2861000
30 7 | 0.8392000 | 0.8050000 | 0.7536000 | 0.6513000 | 0.4524000
30 t | 0,3394000 | 0.8040000 | 0.7534000 | 0.6518000 | 0.4482000
40 1 { 0.9266000 | 0.9016000 | 0.8700000 | 0.8056000 | 0.6156000
40 £ | 0.9268000 | 6.9006000 | U.8636000 | 0.7760000 | 0.6192000
50 1 | 0.9590000 | 0.9466000 | 0.9238000 | 0.8712000 | 0.7346000
50 1} 0.9616000 | 0.9516000 | 0.9318000 | 0.8864000 | 0.7490000
60 7 | 0.9826000 | 0.9758000 | 0.9642000 | 0.9352000 | 0.8244000
60 £ | 0.9794000 | 0.9726000 | 0.9582000 0.92?4[100 0.2128000
07 O.QQIZQQO 0.9575000 | 0.9810000 | 0.9660000 | 0.9034000
70 § | €.9906000 | 0.9870000 { ©.9792000 | 0.9602000 | 0.%910000
80 1 1 0.9976000 | 0.9950000 | 0.9912006 | 0.9802000 | 0.9290000
0.9974000 0.9806000 | 0.9222000

80 %

0.9946000

0.9902000

1Unmodified A-D Test
iModified Test




Table 4.40. Power Comparison for the Cramer-von Mises Test with the Lognormal Dis-

tribution Using the Mean Rank

Level of Significance (a= Type I Errorﬁ)ﬁ

n 0.20 0.15 0.10 0.05 0.01
10 1 | 0.4380000 | 0.3768000 | 0.3062000 | 0.2192000 | 0.0939999
10 § | 0.4282000 | 0.3642000 | 0.2912000 | 0.2004000 | 0.0851999
20 § | 0.6922000 | 0.6322000 | 0.5518000 | 0.4458000 | 0.2362000
20 1 | 0.6790000 | 0.6124000 | 0.5408000 | 0.4288000 | 0.2294000 ‘
30 i | 0.80%6000 | 0.7700000 | 0.7156000 | 0.6146000 | 0.3988000
30 1 | 0.8010000 | 0.75%6000 | 0.7036000 | 0.6050000 | 0.3814000
40 1 | 0.8996000 | 0.8694000 | 0.8272000 | 0.7596000 | 0.5714000
40 1 | 0.8936000 | 0.8666000 | 0.8206000 | 0.7430000 | 0.5574000 |
50 7 | 0.9456000 | 0.9272000 | 0.8926000 | 0.8312000 | 0.6748000
50 1 | 0.9438000 | 0.9202000 | 0.8872000 | 0.8220000 | 0.6678000
60 1 | 0.972%000 | 0.9624000 | 0.9424000 | 0.9040000 | 0.7926000

} 60 1 | 0.9718000 0.9596000 | 0.94C%000 | 0.8992000 | 0.7778000 E
70 7 | 0.9846000 | 0.9786000 { 0.9650000 | 0.9364000 { 0.8398000

E 70 1 1 0.9840000 | 0.9758000 | 0.9632000 | 0.9334000 | 0.8294000

| 80 § | 0.9921000 | 0.9888000 | 0.9%20000 | 0.9614000 | 0.8816000

1 80 1| 0.9914000 | 0.9884000 | 0.979%000 | 0.9602000 | 0.8224000

iUnmodified C-VM Test
Modified C-VM Test
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Figure 4.19. Anderson-Darling Power Test for the Lognormal Distribution with the Mean
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Figure 4.20. Cramer-von Mises Power Test for the Lognormal Distribution with the Me-
dian Rank




4.3 Conclusion

This chapter is mainly a collection of tables. The critical values are presented for the
known and the modified tests for the sample sizes n = 4 through n = 80 at the significance
levels of a = .20, .15, .10..03. .01. The power comparison tables contain two sets of tables.
These compare the powers of the modified tests to the known A-D and CV-M tests. The

results of the power comparisons will be given in the next chapter.
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V. Results

3.1 Introduction

This chapter discusses the results of the power comparisons presented in the previous
chapter and the computer programs used. Specifically. the discussion covers the topics of
the computer programs. the test of the random number generator, the validation and

verification, and the analysis of the power comparisons.

3.2 Discussion

3.2.1 Computer Programs. There are two main programs used in the study. One
of them is for calculating the critical values. and the other is for performing the power
comparisons. Both programs are written in FORTRAN 77 and are run in AFITNET
Mainframe. In addition to these programs. some subroutines are taken from the Interna-
tional Mathematical and Statistics Librarv(IMSL). Both of these programs are presented
in the Appendices. The detailed comments are given to help the readers understand the
logic of the programs clearly. The flow diagrams for the computer programs are given in

Chapter 3.

5.2.2 Test of the Random Number Generator. To generate the critical value ta-
bles precisely, it is essential to use a reliable random number generator. Forty numbers
were generated by using the subroutine GGNO from the International Mathematical and
Statistics Library {IMSL). GGNO generates an array of ordered N(0.1) random deviates.
The method of normal probability plotting was used to investigate the goodness-of-fit of
these deviates generated to *he normal distribution. After the deviates were plotted. a line
was drawn "by eve” through these points (6:28). Two points on the plot corresponding
to around the 10°* percentile and another around the 90 percentile were located and

connected to each other. This line showed a verv good fit.

5.2.8 Validation and Verification. The validation of the computer programs is per-

formed by comparing the critical values 1o the other published critical values. The critical




values for the known A-D and C-V'M tests were compared to the ones obtained by Ream

(17). The values were the same for the unmodified goodness-of-fit tests.

The purpose of the verification is to ensure that the concepts and the equations
derived in the study are accurately reflected by the computer programs. To achieve this.

every line of the computer programs was checked many times by the author.

5.2.4 The Analysis of Power Comparisons. Using the median rank plotting po-
sition improved the power of the C-VM goodness-of-fit test approximately 10% for the

lognormal. the exponential. the Weibull. and the double exponential.

Using the mean rank plotting position also improved the power of the C-V'M goodness-
of-fit test only for the uniform and the Weibull distributions: while it reduced the powers
for the other three distributions. The improvement for the uniform distribution was 9%:

while the improvement was 2% for the Weibull distribution.

Using the median rank plotting position improved the power of the A-D goodness-
of-fit test for each of the distributions used. The improvements were approximately at the

level of 0.01%.

Using the mean rank plotting position also improved the power of the A-D goodness-
of-“t test for the uniform. the double exponential. and the Weibull distributions. The
power remained almost the same for the exponential and the lognormal distributions. The
improvements for the uniform. the double exponential. and the Weibull distributions were

0.01%.

The following table shows the approximate power improvements of the modified tests

over the unmodified tests.




Table 5.1. Power Improvements of Modified Tests over Unmodified Tests

i I A-D u VM
{ Median Mean || Median Mean
i Uniform 01% 01% || 50% | 9.0%
| Weibull || .01% 01% | 100% ] 2.0% |
j Exponential .01% | No change || 10.0% | Reduced
: .01% | No change l 10.0% : Reduced [
' 1
01% .QI%JI 10.0% | Reduced E

5.8 Conclusion

Both plotting positions improved the powers of the known A-D and C-VM goodness-
of-fit tests. The median rank plotting position seemed to have better powers than the

mean rank plotting position did.
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6.1

V1. Conclusions and Recommendations

Conclusions

Based on the results obtained in this thesis. the following conclusions are noted:

1. The power comparison study based on the alternative distributions showed that both

plotting positions increased the power of the Anderson-Darling goodness-of-fit test for
almost all the distributions. The power remained the same only for the exponential
and the lognormal distributions when the mean rank plotting position was used.
The improvement for the C-VM goodness-of-fit test was considerably higher for the
uniform and the Weibull distributions when either the median or the mean rank
plotting position was used and. for the lognormal. the exponential. the Weibull. and
the double exponential distributions when the median rank plotting position was
used. The median rank piotting position showed a higher power than the mean rarnk

plotting position.

2. The critical value tables for both tests were presented. The tables can be used to

6.2

test whether a random sample of data follows the normal distribution.

Recommendations

Based on the observations made throughout the thesis study. the following research

areas are proposed for further studies:

1. Apply the goodness-of-fit techniques developed in this thesis for other distribution

functions.

2. Further modifv the goodness-of-fit techniques developed in this thesis to allow for

unknown values of the parameters of the hvpothesized normal distribution.




Appendix A. Compui > Programs

CREFERFRRERRRREREFRERERREREEERRKARRKEBRAES= 222 PREREETRERKRKKERFREREE

C* *
C* THIS PROGRAM DETERMIKES THE CRITICAL FALUES WITH *
Cx THE MODIFIED AKDERSOE~DARLING AKD CRAMER-VOH MISES STATISTICS =
Cx VALUES FOR THE NORMAL DISTRIBUTIOK. *
Cx *
C% *
CEXEEFEERREENRKEERERRERREEEEEREEEXRERRRREEXEEREERERERERRR IO RREXEEEER
C
c
c =+ SOME COMMENTS ABOUT THE VARIABLES USED ==
c
c S = Rumber of repetitions
C K = Sample size
c AEDER(*) = A-D Statistic values
c CRIT(*) = Critical values at (%)
c SEED = Input/Output double precision variable assigned an integer
C value in the exclusive range
c 1,¥ (GGNO) = “1" is the first order statistic to be generated,
c “K" is the last order statistic to be generated
c XX(*) = Output vector of length [K+1-IFIRST] containing the order
c statistics in an ascending order
c IER = Error parameter output
c ZZ = Input vaiue at which function is to evaluated
c YY = Qutput probability that a random variabie having z normal
c (0,1) distribution will be less than or egual to ZZ.
INTEGER S,J,K,K,55
REAL xX{100),ZZ,TT,AKDER(G:5010),DARL
REAL CRIT80,CRIT85,CRIT90,CRITS5,CRITSS
c
c Enter the double precision seed
c
DOUBLE PRECISIOE SEED
SEED= 469857936.D0
c
c Kumber of repetition is 5000
¢
5=5000
c
c Enter the number of sample size
Fod




QGO aaaa

aa

3 O Gy

Qoo

1 O

i1

QG a0

Q

Do 11 J=1,8

Call GGNO to generate set of order statistics
from the normal distribution

CALL GGNO(SEED,1,N,N,XX,ERR)
Call STANDAR to standardize the random deviates
by Equation(3.12). The following computations will use
these stadardize values.

CALL STANDAR(XX,N)
Call VSRTA to sort the arrays by algebraic values

CALL VSRTA(XX,N)

DO 22 K=1,N

ZZ=XX (K}

Call MDNOR to determine the CDF values of the normal
distribution for the standardized data

CALL MDNOR(ZZ,TT)
XX(K)=TT
CONTINUE
Call ANDERSON to find the A-D statistic values
*%C5ll CRAMER to find the CV-M statistic values
CALL ANDERSON(N,XX,DARL)
*x CALL CRAMER(N,XX,DARL) *x
ANDER(J)=DARL
CONTINUE
ANDER(0)=0.0

S5= 5+1

Call VSRTA to sort the statistics to determine the percentiles
of the array in order to find the critical values

CALL VSRTA(ANDER,SS)

Call EXTRA to extrapolate the data for the points at "0",




c and "n+i". Output vector is an array of length "n+2",

c
CALL EXTRA(S,ANDER)
c
c Call VALUES to determine the critical values
c
CALL VALUES(ANDER,CRIT80,CRIT85,CRIT90,CRIT95,CRIT99,S)
c
C Print the critical values
c
WRITE(*,*) CRIT80,CRIT85,CRIT90,CRIT9S,CRITIS
END
c
c Using the technique explained in Chapter 3, find the critical values
¢
SUBROUTINE CAN(Y1,Y2,D1,D2,Y,RES)
REAL M,B,Y1,D1,Y2,D2,Y,RES
M= (Y2-Y1)/(D2-D1)
B = Y1 - (MxD1)
RES = (Y-B)/M
END
c
c The following subroutine calculates the A-D statistic values
c
SUBROUTINE ANDERSON(K,R,ANDER)
INTEGER K,I
REAL R(x),TOTAL,XX,YY,ANDER,ZZ,RR
TOTAL = 0.0
DO 11 I=1,K
RR = R(I)
IF (RR . LT. 0.0 .AND. RR.EQ.0.0) THEN
RR = .0001
ENDIF
22 = 1.0 - R(K-I+1)
IF(ZZ.LE.0.0)THER
ZZ = .0001
ENDIF
XX = LOG(RR)
YY = L0G(ZZ)
TOTAL = (((2.0*REAL(I))-0.635)*(XX+YY))+TOTAL
11 CONTINUE
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ANDER = - REAL(K) - ((1.0/(REAL{X}-0.365))*TOTAL)
END

The following subroutine calculates the CV-M statistic values

SUBROUTINE CRAMER(N,R,ANDER)
INTEGER I,N
REAL R(»),TOTAL, ANDER,MEDIAN
TOTAL =0.0
D0 22 I=1,N
MEDIAN = (REAL(I)-0.3175)/(REAL(N)-0.365)
TOTAL = TOTAL + ((R(I) - MEDIAN) * (R(I) - MEDIAN))
CONTINUE
ANDER = (1.0 / (17.0 * REAL(N))) + TOTAL
END

Standardize all the data

SUBROUTINE STANDAR(X,N)
INTEGER I,N
REAL X(*),XSUM,XBAR,S,X0UT
XsU¥ = 0.0
X0UT = 0.
PO 100 I = 1,8

XSUM = XSUM + X(I)
CORTINUE

n o

Compute the mean

XBAR=XSUM/N
DO 200 I =1,N
XOUT = XOUT+((X(I)-XBAR)*(X(I)-XBAR))
CONTINUE
S = SQRT(XOUT/(K-1))
DO 300 I = 1,N

Compute the standardized data
X(I) = (X(I)-XBAR)/S

CONTINUE
END

A4
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100

SUBROUTINE EXTRA(N,D)
INTEGER N,NO,N1
REAL Y1,Y2,D(0:%),D1,D2,22Z

Yi = 0.5/K
¥z = 1.5/
D1 = D(1)
D2 = D(2)

CALL CAN(Y1,Y2,D1,D2,0.0,2Z)
IF(ZZ.GE.0.0) THEN

D{0) = ZZ

ELSE

D(0) = 0.0
ENDIF
Y1
Y2
NO

(REAL(N) -1.5)/K
(REAL(K) -0.5)/K

N-1

D1 = D(NO)

D2 = D(N)

CALL CAN(Y1,Y2,D1,D2,1.0,22)
N1 = N+1

D(N1) = 22

END

The following subroutine determines the percentiles
and finds the critical values by evoking
the subroutine CAN

SUBROUTINE VALUES(D,CRIT80,CRIT85,CRIT90,CRITSE, SRITOS, M)

INTEGER I,N,NN
REAL D(0:*),Y(0:6000),C80,C90,C95,C99,C85,

i Y79,D79,Y81,D81,DIFS0,Y89,Y91,D82,D91,DIF95,DIF80,

1 Y94,Y96,D94,D96,DIF99,Y98,Y100,D98,0100,DIF8E,

1 Y84,D84,Y86,D86,CRIT85,CRIT80,CRITS0,CRITS5,CRITYS

D0 100 I=1,N
Y(I) = (REAL(I) - 0.5)/REAL(N)
CONTINUE




[ ]

(2]

Y(0) = 0.0

EN=K+1

Y(NN) = 1.0
€80 = 10G0.0
€85 = 1000.0
€90 = 1000.0
€95 = 1000.0
£9% = 1000.0

D0 200 I = NN,0,-1
IF (Y(I).LE.0.75) GO TO 300
IF (Y(I).GT.0.75 .ARD. Y(I).LE.C.80) THEN

Get the desired percentile at 30%

DIF80 = .80 - Y(I)

IF (DIF80.LE.C80) THEN
C80 = DIF80
Y79 = Y(I)
D78 = (1)
Y81 = Y(I+1)
DB1 = D(I+1}

ERDIF

ELSEIF (Y(I).GT..80.AND.Y{I).LE..85) TH=N

Get the desired percentile at 85)

DIF8s = .85 - Y(I)
IF (DIF85.LE.C85) THEN

€85 = DIF8S

Y84 = Y(I)

D84 = D(I)

Y85 = Y(I+1)

D86 = D(I+1)
ENDIF

TVSEIF (Y(I).GT..85.AND.Y(I).LE..90) THEK
(et the desirud percantile at 90Y
2IF90 = .90 - ¥(I)

IF (DIFS0.LE C20) THEN
C20 = DIF3S

Y89 = Y(I)
D89 = DT
V91 = Y(I+1)
Pl = D(I+1)
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ENDIF
ELSEIF (Y(I).GT..S0.AND.Y(I).LE..95) THES

Get the desired percentile at 95

DIF9S = .95 - Y(I)

IF (DIF95 .LE. C95) THER
€96 = DIFSs
¥94= Y(I)
Y96= Y(I+1)
D94= p(I)
D96 = D(I+1)

ENDIF

ELSEIF (Y(I).GT..95.AND.Y(I).LE..98) THER

Get the desired percentile at 99%

DIF99 = .99 - Y(I)
IF (DIF99 .LE.C99) THEN

C99 = DIF99
Y98 = Y(I)
Y100 = Y(I+1)
D98 = D(I)
D100 = D(I+1)
ENDIF
ERDIF
CONTIKUE
CORTINUE

IF (DIF80.EQ.C.0) THEN
CRIT&0 = D78
ELSE

Compute the critical value at the significance level of .20

CALL CAN(Y78,Y81,D79,D81,.80,CRIT80)
ENDIF
I{F (DIF85.EQ.0.0) THEK

CRIT85 = D84

ELSE

Compute the critical value at the significance level of .15
CALL CaN(Ys4,Y86,D84,D86,.85,CRIT85)

ERDIF
IF (DIF%0.EQ.0.0) THEK

A-T
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CRITS0 = D89
ELSE

Compute the critical vaiue at the significance level of .10

CALL CAN(Y89,Y91,D89,D91,.90,CRITS0)
ENDIF
IF (DIF95.EQ.0.0) THEN
CRIT95 = D94
ELSE

Compute the critical value at the significance level of .05

CALL CaN(Y¥94,Y96,D94,D96,.95,CRIT95)
ERDIF
IF (DIF99 .EQ.0.0) THEN
CRIT99 = DS8
ELSE

Compute the critical vaiue at the significance level of .01
CALL CaK(Y98,Y100,D98,D100,.92,CRIT99)

ENDIF
ERD
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C*
C*
Cx
Cx
Cx
Cx

*
THIS PROGRAM EXECUTES THE POWER COMPARISOR *
FOR THE ANDERSON-DARLING AKD THE CRAMER-VOK MISES *
TESTS WITH THE UNIFOR¥ DISTRIBUTIOK AT THE GIVEE *
SEMPLE SIZE *

*

CRRFREEEEER R KRR EEEERRRERERERREE TR R R TR ERREEREE RS

D T T T T T T T T T T T T

[+ Iy

80¢C

aOO

M O

< Oy

=xxxx SOME COMMENTS ABOUT THE VARIABLES USED #%x%=

K = Sample size used
POWER(*) = The rejection number at the given level
SEED = Input/Output double precision variazble assigned
an integer value in the exclusive range
AEDAR, IND = The known and the modified A-D statistic values
calculated
CRAMER1, CRAMER2 = The known and the modified {V-M statistic
values caiculated

IKTEGER N,J,K,L,K,COURT(4) ,POWER(30) ,CHT1,CHT2.1
REAL WK(360),R(120),5(120),T{120),
1 Y,P,AKDAR,AND,CRAMERL ,CRAMERZ ,PWR{30)
DOUBLE PRECISIOK SEEDi
Enter <he double precision sead
SF3D=1095785.D0
0Pzt (UKIT=1,FILE="UP80.0UT’ ,STATUS="UNKNOWN')
D0 €30 I=1,30
POWER(I)=0
CONTINUE

Enter the sample size

=80
D0 100 J=1,5000

Generate vhe Uniform dsviates
CALL GGUBS(SEED1,K.R)

Sort the deviates

A-9




CALL VSRTA(R,N)
DO 200 K=1,¥
5(K) = R(K)
00 COHTINUE

Standardize the data

«mmmw

CALL ESTPAR(S,N)

L I ]

Sort the standardized data

CALL VSRTA(S,N)
DB 400 L=1,8
¥=5(L)

L2 ]

Determine the CDF values of the uniform distribution
for the standardized data

[ ]

2]

CALL MDNOR(Y,P)
S(L)=P
COETINUE

Find the statistic values for the following tests

ﬂwtf‘.‘lﬂ%

CALL ANDAR1(N,S,ANDAR)
CALL AKDARZ2(X,S,AND)

CALL CVMi(E,S,CRAMER1)
CALL CVM2(X¥,S,CRAMER2)

[ B )

Enter the critical values for the sample size 80 from
the critical value tables presented in Chapter 4

G Oy

IF (AEDAR.GT.0.5018578) THEN
POWER(1)=POWER(1)+1

ERDIF

IF (ANDAR.GT.0.5535432) THEK
POWER(2)=POWER(2)+1

ERDIF

IF (AKDAR.GT.0.6213608) THEN
POWER(3)=POWER(3)+1

ENDIF

IF (ARDAR.GT.0.7532310) THEN
POWER(4)=POWER(4)+1

ENDIF

TF (ANDAR.GT.1.046329) THEN




m\

OWER(S) =POMER(5)+1

IF (AND.GT. 1.£02745) THEN
POWER(6)=PGWLR(6)+1

ENDIF

IF (&ND.GT. 1.650009)THEN
POWER(7)=POWER(7}+1

ERDIF

IF (&ND.GT. 1.714119)THEN
POWER(8)=POWER(8)+1

EKDIF

IF(END.CGT. 1.824196)THEN
POWER(9)=POWER(9)+1

ENDIF

IF(AND.GT. 2.109204)THER
POWER(10)=POWER{10)+1

ENDIF

IF(CRAMER:.GT.0.079321444)THEN
FOWER(LI)=POWER{ii)+1

ENDIF

IF {CRAMER1.GT.0.089231446) THEN
POWER(12)=POWER(12)+1

ENDIF

IF (CRAMER1.GT.0.1024222) THER
POWER(13)=POWER({13)+1

ENDIF

IF(CRAMER1.GT.0.1257416)THER
POWER(14)=POWER(14)+1

ENDIF

IF(CRAMERL.GT.0.1837831) THER
POWER(15)=POWER{15)+1

ENLIF

IF(CRAMER2.GT.0.083445959) THERK
POWER(16)=POWER(16)+1

ENDIF

IF(CRAMER2.GT.0.093562253) THEK
POWER(17)=POWER(17)+1

ENDIF

IF(CRAMER2.GT.0.1065563) THEN
POWER(18)="0WER(18)+1
ENDIF
IF(CRAMER2.47.0.1313581) THEN
POWER(:18)=194 2 (19)+1
ENDIF
IF(CRAMER2./..¢.1670539) THEN




POWER{20}=POWER(20)+1
ERDIF
100 CORTIRUE

DG 500 I=1,20

c
c Determine the rejection number
c

PHR{I}=POWER(I)/5000.0
500 CONTINUE
WRITE(1,*}°FOR K
Do 11 I=i,

L]

* , K, 'POPULATICK = UKIFORK’

;20

c
c Print the rejection number
c

WRITE(1,*=) PWR(I)
i1 COETINUE

EED
c
c The subroutines are presented in the previous section
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